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PREFACE

This Seminar is held as a medium by which there may be a free
exchange of informaticn regarding explosives safety. With this idea
in mind, these minutes are being provided for your information. The
presentations made at this Seminar do not imply indorsement of the
ideas, accuracy of facts presented, or any product, by either the

Department of Defense Explosives Safety Board or the Department of Defense.

D. G. HOECH
Captain, USN
Chairman
.Accnsi.m F’Zw v
CHTIS  ansal 4
DPIC T8 0
Ussanwanti o a8 |
“Justigination S
i 4 »y. X _J
| Bastribution/ .._J
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Bist ! pocial
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These proceedings are published for information as an

accommodation to the participants at the Seminar.

The Devartment of Defense Explosives Safety Board cannot

accept responsibility for the correctness of those papers

which have been directly reproduced from copy furnished

by the authors.
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WELCOME

Colonel Alton W, Powell, USAF i
Chairman :
Department of Defense Explosives Safety Board

Good morning, ladies and gentlemen. I am Colonel Alton Powell, Chairman,
Department of Defense Explosives Safety Board.

It is with considerable pleasure that I welcom you to our Twentieth
Explosives Safety Seminar. It is good to see so many friends and familiar
faces. Since it is the mission of the DDESB to keep informed of conditions
affecting safety wherever U.S. titled ammunition and explosives are found,
I have traveled extensively during my three years as Chairman. Thus I have
wet many of you on your home turf and become aware, first hand, of the
problems and concerns you must deal with day-by-day. With the onslaught

of the electronic/computer age, we are able to solve many problems of
yesteryear, but new problems have arisen; how far are we to permit the
computer to control production/manufacturing processes, test and operate
weapon systems, etc.? Concessions have been made with respect to quantity-
distance requirements for insensitive high explosive substances and
articles. How much more relaxation should be permitted? Should the tools
of the systems engineers, such as risk analysis be used more in the
explosives safety decision making process? Some people think so. There
are many more problems/questions that face us today which are demanding
answers. That is one of the important reasons for holding this seminar:

to provide you (hopefully, answers to some of your questions: but, more
than that, this seminar is being held to stimulate you professionally by
providing you avenues to knowledge with which to aid you in seeking
solutions not provided here. Solving your problem will make our nation's
defense posture not only safer but stronger. With world events as they

are today, that should be foremost. I, therefore, challenge you to use

this seminar as a vehicle for solving your problems and answering your
questions. We encourage you to fully participate. I believe our program
will make you want to do just that!

Let me now introduce the current members of the Explosives Safety Board.
Colonel Bobby Robinson is the Department of the Army Board Member.
Colonel Robinson is Chief of the Chemical Divisicun, Deputy Chief of
Staff, Operations and Plans. Unfortunately Colonel Robinson could not be
with us today. In his stead we have Department of the Army Alternate
Board Member, Mr. James Coakley. Jim is on the staff of the Army Safety
Program Director. From the Department of the Navy, Captain Virgil E.
Strickland Jr. Virgll s Head of the Ordnance Materiel Management Branch
in the Office of Chief of Naval Operations. Regrettably also, Captain
Strickland could not be with us today. In his stead we have Department
of the Navy Al*ernate Boscd Member, Mr. Carlo Ferraro, Jr. Carlo is

Head of the Explosives and Nuclear Weapons Safety Section in CNO. From
the Department of the Air Force, Colonel Jim McQueen. Jim is the Chief
of Weapons Safety, Deputy Inspector General, Headquarters Air Force.
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I would also like to particularly welcome several of our professional
friends in the audience from other countries: €from France, General| Toche
and General Roure: from the United Kingdom, Air Commodore Robinson.

At this time, it is my pleasure to introduce our keynote speaker,
Dr. Sharon B. Lord, Deputy Assistant Secretary for Equal Opportunity and
Safety Policy.
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I am delighted to be with you here in Norfolk today. This is a wonderful
opportunity to meet the people who are in the forefront of the continuing
effort to control the awesome but indiscriminate destructive power of the
exploaive materials and devices upun which we rely for the defense of our
nation. That this is a matter of international concern is attested by
the large number of persons here representing other nations. We weleome
all of you and hope this will be a mutually beneficial experience. Our
common cause of protecting life and property from the harmful effects of
accidents 1involving ammunition and explosives is certainly one that all
nations can support.

Apart from sincere humanitarian concern for the safety of our personnel,
DoD has a most vital concern for the prevention of all avoidable mishaps
in terms of readiness to perform our national defense mission. Every
man or woman, military or civilian, who is incapacitated and every piece
of equipment or system accidentally damaged or destroyed diminishes that
readiness. Accordingly, an essential element of overall DoD policy 1is:

. To protect all DoD personnel from on-the-job injuries and
occupational illnesses

. To protect DoD material resources from accidental damage
or destruction

To protect the public from possible hazards associated
with DoD operations, and

L

Nemi

. To comply with applicable safety and occupational health
regulations which Federal or State regulatory agencies promulgate.

i

Because of the inherent hazard potential of ammunition and explosives,
in no other element of the overall DoD safety program is it more
important that these policies be effectively implemented. For that
reason, as well as the fact that this is an explosives safety seminar,
I will focus on that aspect of the Dod Safety Program.

In consonance with the Administration's and Secretary Weinberger's policiles,
we 1in office, Secretary of Defense are working to ease excessive regulatory
burdens wherever possible; to move progressively from micro-management
toward more general oversight and evaluation of bottom-line results, and

to use our influence to support safety management initiatives of the DoD
components. We are acutely aware that being a responsibility of management,
safety volicy is subject to the same threats to good management as any
other function, and safety is perhaps more critical. If other management
techniques are grossly inefficient, time and money are lost and perhaps

an enterprise fails. If our management of safety is bad, lives are lost.
Knowing this, there is a natursl tendency to overmanage--to write standing
operating procedures rather than policies, and specification~type rather
than performance-type safety standards. There is that fear that 1f we at
the top do not think of every possibility and provide for it, an accident
may happen and a life may be lost. Noble as the intent uay be, we can't




think of them all and, by attempting to do so, we stifle initiatives

at lower levels that are likely to be more effective. Many of these
initiatives are the direct result of knowledge gained and ideas spawned
by these biennial explosives safety seminars.

We fully realize that our safety program has to be a balance between one
that provides for total protection of life and property and one that per-
mits operators to conduct activities in a "laisse-faire" manner without
considerations for preservation of life and property. A proper approach
to safety 1s a reasonable application of safety principles that enhance,
not inhibit, operations. The guarded interests of both safety and
operations can be served by establishing an awareness of safety principles
in operators that results in preservation of assets and creates a safe
working environment that increases worker efficiency. To accomplish this
in the area of explosives safety, DoD has published ammunition and explo-
sives safety standards that, when applied with general safety principles,
will provide for containment of the accident and reasonable protection

or life and property.

The objective of our explosives safety program igs to provide maximum
protection against injury to personnel and damage to property consistent

with opgrational requirements. Toward this end our goals arfj
<

Q/ To eliminate unnecessary risks to life and property from

i thg‘hprmful effects of accideﬂtfj
- To make safety an essential con8ideration in all facilities

and operations planningg

.‘vTo insure that safety 1s a total life-cycle ccnsideration
for ammunition and explosives; and

+» To eliminate deviations from ammunition and explosives safety
O/ standards that are not essential or are not justified on the
basis that the increased risks are insignificant in comparison
with the cost of achieving compliance.

We are making progress. Improvements in explosives safety have occurred
through reductions of exposure of personnel and property both inside

and outside installation boundaries. The greatest emphasis has been in
reducing or eliminating exposure outside installations where we have no
control over development and encroachment is likely to occur. Encroach-
ment on DoD explosives facilities has been a problem and many installations
cannot make maximum use of existing explosives storage structures because
to do so would endanger life and improved property located on non-Federal
land. A serious explosives accident with effects off-base may result in
not only loss of life and property, but also credibility for DoD. Without
elaborating on this, I am sure you can see the many damaging ramifications

of such an accident.
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Other recent achievements of note are: ‘3

. Gains have been made in reducing exposure inside installation
boundaries through new construction projects and restriction
of storage and operations.

. DoD ammunition and explosives safety standards have heen extended
to cover chemical agents and ammunition, and worker protection.

. Knowledge about model testing has been gained through comparison
of model scale tests with results of full scale tests of like
structures in the distant runner series of tests at White Sands last
fall.

. Criteria have been developed for testing and hazard classifying
insensitive high explosives substances and articles containing
insensitive high explosives.

. Increased efforts by the services to insure that all construction
projects involving ammunition and explosives receive complete safety
review and that new facilities are sited to provide long term
protection against encroachment. 4

Despite these improvements in explosives safety, there is still much to be
accomplished. The DoD explosives safety program must be a dynamic flexible

program that can adapt to changes in explosives technology, weapons technol- -y
ogy, and explosives weapon storage and employment requirements, To this . &
end, the DoD will be undertaking a critical review of explosives safety -/

standards to ensure they are 'state-of-the-art" standarde. Expansion of
these standards may be in order to ensure all significant hazards have
been properly addressed. Consequently, we will review the standards for
completeness. Our explosives safety surveys will continue to seek out
prcblems and identify practical solutions. We look to the DoD components
to accept the challenge of our goals and will seek evidence of positive
action in our safety program oversight reviews and evaluations of bottom
line results. With your help we can succeed. We ask no more--we can
accept no less.

I've looked at your program and I find it quite impressive, both in
terms of subjects covered and the expertise of those participating. I
am certain that no matter what your specific explosives safety interests
are, the next three days will afford you the opportunity to explore

them profitably-~1 wish you every possible success.

Thank you.

b o, A R, Wl P sk il o
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GOOD MORNING, LADIES AND GENTLEMEN.

T AM INDEED HONOURED TC ADDRESS THIS DISTINGUISHED GATHERING OF
EXPLOSIVES SAFETY EXPERTS HERE TODAY. MY THANKS THGRGFORE TO THE
DEPARTMENT OF DKFENSE EXPLOSIVES SAFETY BOARD AND TO COLONEL ALTON
POJELL FOR INVITING KE T0O SPEAK.

MY SUBJECT TODAY IS THE EFFRCT OF TE HEALTH AND 3AFETY AT .ORK
ACT, 1974 ON MILITARY EXPLOSIVES SAFETY MANAGEMENT IN THE UNITED
KINGDO#, AND, IN PARTICULAR THE FORMATION OF THE DEFENCE EXPLOSIVES
SAFETY AUTHORITY (DESA). THE HSW ACT FOR THE VERY FIRST TIME,
GRANTED THE OVERALL RESPONSIBILITY FOR MONITORING EXPLOSIVES SAPETY
IN THE UK - INCLUDING SPONSORSHIP OF THE NECESSARY LEGISLATION - TO
AN INDEPENDENT BODY CALLED THE HEALTH AND SAFETY EXECUTIVE (HMSE). '
SO THE MINISTRY OF DEFENCE, BY THIS ONE ACT, LOST ITS SOLE CONTROL
OVER UILITARY EXPLOSIVES.

HOW DID THE 1974 ACT COME ABOUT?  WELL IN 1972, THE GOVERNIL:NT
OF THE DAY FORMED THE 'ROBEN's COMIITTEE' TO SEE HOW THEY COULD 3RING
TOGETHER THE MANSIVE REGULATIONS AND ACTS THEN EXISTING - SUCH AS THE
FXPLOSIVES ACT, THE FACTORIES ACT, MINES AND QUARRIES ACT, OFFICES,
SHOPS AND RAILWAY PREMISES ACT, BUILDING REGULATIONS, AND 30 ON -
VHICH ALL IMPOSE HEALTH AND SAFETY DUTIES ON PEOPLE AT WORK, AND
S/EEP THEM UP UNDER THE UMBRELLA OF ONE ALL EMBRACING ACT. THE OUT-
COME OF THIS STUDY wAS THE INTRODUCTION OF THE 1974 HSW ACT.

THE OBJACTIVES OF THE ACT ARE TO:

&  SECURE THE HEALTH, SAFETY AND WELFARE OF PEOPLE AT WORK.

b. PROTECT THE GENERAL PUSLIC AGAINST RISKS T0 THEIR HEALTH

AND SAFETY ARISING OUT OF WORK ACTIVITIES.

o. CONTROL THE KEEPING AND USE OF EXPLOSIVES OR HIGHLY

FLAMMABLE OR OTHERWISE DANGEROUS SUBSTANCES AND GENERALLY

PREVENT PEOPLE FROM UNLAWFULLY KAVING AND USING SUCH

SUBSTANCES.

J




ds  CONTROL THu& RELEASE I4TO THe ATMOSPHRL OF NOXIOUS OR g
OFFENSIVE SUBSTANCIS .
THE ACT ESTABLISHED TWO NEW BODIES UNDER THE SECRSTARY OF STATE FOR

EMPLOYMENT; THI HEALTH AND SAMETY COMMISSION (HSC) AND THE HEALTH AND
SAFETY SXECUTIVE (HSE), IN ORDER TO PROUOTE TMK OBJLUTIVES OF THE ACT

P ot o, gy

AND TO ENSURE IS »ROVISIONS WERE IMPLEMENTED.

THE 'EALTH AND 3A¢<TY COMMISSION CONSISTS OF A FULL-TINE CHAIRMAN
AND BETWWSN SIX AND NINE PART-TIME MEMBWRS, ALL OF WHOM ARE APPOINTED
BY THE SKCRETARY OF STATE FOR MMPLOYMENT (8 OF 8). © THE S OF S IS
REJUIRLD 1O CONSULT LUPLOYERS' ORGANISATIONS ABOUT THREE MEMBERS,
K4rLOYEES' DRGANISATIONS i.e. THE TRADE UNIONS, ABOUT THREE OTHER
WEBERS AND LOCAL AUTHORITILS AND OTH&ZR APPROPRIATE ORGANISATIONS,
INCLUDING PROFZSSIONAL BODILS, ABOUT THE REST.

THE COMJIISSION's DUTIES INCLUDE rROMOTING THE OBJECTIVES OF THE ACT,
CARRYING OUT AND ENCOURAGING RESIARCH AND TRAIJING INTO 3AF:-TY, rROVIDING
AN INFORMATION AND ADVISORY SERVICE AND ADVISING THE GOVIERNMENT OF ANY
REGULATIONS UNDER Tl ACT.

THE HBALPH AND SA#LTY LXECUIIVE CONSISTS OF THREE FULL-TIMo JiIBWRS,
JHO ARG APPOINTED BY THE HSC PLUS A SUFPOnTING STAFF.

Tl “XECUTIVA's DUTIES INCLUDE MAKING ARRANGRILENTS FOR WNAORCHLoNT
OF THZ LiGISLATION, INITIATING Niw LissISLATION AND CARRYING OUT OTHER
TASKS GIVEN 00 IT BY THE COMMISSION. IN PrRACTICE, HS#£ CARRIES OUT THE
DAY=TO-DAY WORK NECESSARY TO uNABLY THE COMIISSION TO PERFORM ITS
FUNCTIOWS. TO DO TS, IT HAS SIX INSPWCTORATYS COVERING AGRICULTURSE,
ALKALINS AND CLEAN AIR, ¢vXPLOSIVES, FACTORIL3, .INES AND QUARRIES AND
NUCLiAR INSTALLATIONS. THERE ARS ALSO POLICY BRANCHES, A RESLARCH
DIVISION PLUS OTHER STA#F TO ENABLE IT TO CARRY OUT Tii COMMISSION's

FUNCTTIONS .
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TODAY WE SHALL CONCERN OURSELVES WITH THE INSPECTORATE OF sXPLOSIVES,
AND THS CHANGES WHICH FAVE OGCURRED IN THE MOD DEFENCE STRUCTURE IN ORDER
TO CATZR FOR THE IMPLICATIONS OF THE 1974 HSY ACT.

AT THE RISK OF BORING SOME OF YOU BUT FOR THE BENEFIT OF THOSK NOT
CONVERSANT YITH THE UK MILITARY EXPLOSIVES SAFUTY MAWAGMMENT SYSTEM,
PLRASS ALLOW ME TO DJELL A MOMENT ON THE HISTORY OF THE ORGANISATION.

W START WAY BACK IN OCTOBER 1874, WHEN A TRAIN OF SIX LIGHT BARGES
WAS PASSING ALONG THE REGENTS PARK CANAL IN LONDON. LET ME NOi QUOTE
FROM THE ILLUSTRATED LONDON NEWS DATED 10 OCTOBER 1874.

“AMONG THESE BARGES WAS THE UNFORTUNATE TILBURY WHOSE CARGO

CONTAINED SUGAR, NUTS, STRAYBOARDS, COFFEE, T0 OR THREE
BARRELS OF PETROLEUM AND ABOUT FIVE TONS OF GUNPOWDER.

THE POWDEZR WAS EN ROUTE TO NOTTINGHAM FROM THY WALTHAM ABBEY —
MILLS, E33EX. THE TILBURY WAS DIRECTLY UNDER THE iACCLUSFIELD - }

ROAD 3RIDGE MIEN, BY SOME MEANS UNEXPLAINED,‘ THE PO.DiuR CAUGHT
FIRE AND THE WHOLE /A8 BLOWN UP. THE BRIDGE WAS ENTIRELY
DESTROYED: SKEVERAL OF THE NEIGHBOURING HOUSES WERE HALF-
RUINED, THEIX ROOFS AND WALLS BRING GREATLY INJURZD, AND IN
HUNDREDS OF OTHER HOUSES, A MILE EAST OR .WST OF THE PLACE,
THE WINDOWS WERE BROKEN, AND MANY FRAGILE ARTICLZ3 OF
FURNITURE. !
LET ¥E ADD FOR THOSE INUTERTSTED IN TAKING TERRAIN INTO ACCOUNT VHEN
CALCULATING SAF:ZTY DISTANCEZ3 THAT AS THE ILLUSTRATED LONDON NS GOES ON )
TO SAY:

0 1




"IT MUST, HOWEVER, BE CONFESSED THAT THE EFFGCT OF SUCH AN
EXPLOSION MIGHT HAVE BiSEN MUCH WORSE, IF IT HAD TAKEN PLACE
IN A TUNNEL AMIDST THE CROWUED BUXILDINGS OF FINSBURY OR
PENTONVILLE, OR AT ANY POINT :l1{SRi, AS IN KENTISH TOWN, THE
SURFACE OF THE WATER IS NEAR THE LEVEL OF THE ADJOINING
STREETS. THE FRAGMENTS OF THE BARGE AND CARGO WOULD, IN
THE LATTER CASE, HAVE BESN HURLzD RIGHT AND LEFT, A HUNDRED
YARDS OR MORE WITH TERRIBLE FORCE AND EFFiCTy; INSTEAD OF
WHICH THEY WKRE MOSTLY CONFINSD TO THE DEXP CUTTING OF THE
CANAL."

THE RESULTANT PUBLIC OUTCRY L&D TO THE PARLIAM:NT OF THE DAY
PASSING THE EXPLOSIVES ACT, 1875. " HOWEVER IT WAS SAID AT THE TIME
BY THE EDITOR OF TME ILLUSTRATED LONDON NEWS, THAT:

"SUCH CASUALTIES AS THAT OF FRIDAY MORNING N=VER HAPPEN

IN CONN:ZCTION +ITH EITHER THS ARMY OR THE NAVY, BECAUSE

THE STORAGE AND CONVEYANCE OF GUNPOWDER FOR AND BY EITHER

ARE ALWAYS CONDUCTED UNDER THE STRICTNST REGULATIONS."
THIS DOUBTLESS LED TO SECTION 97 OF THE ACT, WHEREBY THE CROWN WAS
EXEMPTED, AND THE SECRETARY OF STATE FOR DEFENCE WAS EMPOWSRED TO
MAKE REGULATIONS FOR THE SAFE CONDUCT OF MILITARY EXPLOSIVES AFFAIRS.
THIS HAS REMAINED SO, RIGHT UP TO THE PASSING OF THE 1974 HSV ACY,
WHEN, DUSPITE PLiAS FOR THE CONTINUANCE OF THE CROWN EXELIPTION, NO
SUCH EXEMPTION wAS GRANTED, AND, AS I SAID BARLIER, OD LOST ITS
ABSOLUTE CONTROL OVER ITS OWN EXPLOSIVES AFFAIRS.

AFTER WORLD WAR I, THE CONTINUING EXPANSION OF EXPLOSIVES
ACTIVITIES IN THE UK, RESULTING FROM THE FORMATION OF THE RAF, THE
CONTINUANCE OF A LARGE NAVY AND ARMY PLUS AN INCREASING RSSEARCH,
DVELOPMENT AND MANUFACTURING CAPABILITY, LED TO THE DECISION THAT

SOME CENTRALISED BODY +AS NEEDED TO INFLUENCE MANAGEMENT OF THE
11




WILITARY XPLOSIVES SAFETY FIELD. S0, IN 1925, THE &XPLOSIVES STORAGE
AND TRANSPORT COMMITTEE (ESTC) WAS FORMKD. EVAR SINCE, THE ESTC HAS ; )
BEEN THE MEANS THROUGH WHICH THE S OF S FOR DEFENCE HAS DISCHARGED THE -
RESPONSIRILITIES DELEGATED TO HIM BY THE 1875 EXPLOSIVES ACT.
70 FULFIL ITS ROLE, THE BASIC TASKS OF THE ESTC, WHICH ARk INTER-
RELATED AND FOLLO: IN A LOGICAL PATTERN, ARE AS FOLLOWS.  FIRSTLY,
HAZARD CLASSIFICATION OF EVERY MUNITION BY TEST, OR ANALOGY TO PREVIOUS
LIKE {UNITTONS - THE PRIME TASK, FOR, FROM THIS ALL OUR OTHER WORK
FOLLOWS - AND, LIKE OTHER NATIONS, WE NOW FOLLOW THE UN CLASSIFICATIONS
AS PUBLISHED IN 1970,  SECONDLY, THE COMAITTEE FORMULATES AND ISSUES
THE PRESCRIPTIONS FOR EXPLOSIVES QUANTITY DISTANCES. TYIRDLY, THERE
IS THE FORAULATION AND ISSUING OF PRESCRIPTIONS COVERING THE
CONSTRUCTION OF EXPLOSIVES STORAGE BUILDINGS, TRAVERSES OR BARRICADES.
FOUXTHLY, IS THE RAISING OF STATUTORY INSTRUMENTS (SIs) REGULATING
THE MOVEMENT OF MUNITIONS; THERE ARE, AT PRESENT, THREE SUCH SIs, -

Ncpom o’

COVERING PORTS AND HARBOURS, ROADS AND RAIL. -
TO COVER THESE TASKS THE ESTC HAS A NUWBZR OF SUB-COMMITTEES, EACH
COMPRISING EXPERTS IN A PARTICULAR AREA. THHuSE COMMITTEES ARE ADDED
TO OR DISBANDED TO SUIT PREVAILING CIRCUMSTANCES.
THE PLACE OF THE ESTC IN THE UK ORGANISATION FOR EXPLOSIVES SAFETY
IS SHOWN ON THIS SLIDE. FOR MILITARY EXPLOSIVES THZ CLOSE ASSOCIATION
BETWEEN THE ESTC AND THE ORDNANCE BOARD (0B) IS DEPICTED {IN FACT THE
CHAIRMAN OF THE ESTC IS ALSO 4 VICE-PRESIDENT OF THE OB).
THE IMPORTANT FACT TO BEAR IN MIND IS THAT THE ESTC, IS AN
INDEPENDENT BODY. IT OWES ITS ALLEGIANCE TO THE MINISTRY OF DEFENCE @
(MOD) BUT NOT TO THE INDIVIDUAL SERVICES. IT ALSO GATHERS ITS
INFORMATION AND ADVICE FROM PERSONS BOTH WITHIN AND OUTSIDE THE MOD AND
INCLUDES WEMBERS OF THE HSE ON ITS MAIN AND SOME OF ITS SUB~COMMITTEES.

: O




rmenivee - ol v A A AR s S S 3 Y e RPN

THE NUB OF THE RELATIONSHIP WITH MOD STAFFS IS THAT WHILE THE ESTC
PREPARES ADVICE AND THE MOD STAFFS INVARIABLY TAKE NOTE OF IT, THERE IS
NO LEGAL OBLIGATION FOR STAFFS TO OBSERVE OR EWFORCE ESTC PRESCRIPTIONS.
THE INDIVIDUAL SERVICE AND PE ELEMENTS OF MOD WRITE THEIR OvWN EXPLOSIVES
REGULATIONS BASED ON ESTC PRESCRIPTIONS AND ARE SEPARATELY RESPONSIBLE
FOR ENFORCEMENT.

HAVING LOOKED AT THE PAST, NOW LET US SEE WHAT CHANGES ARE NECESSARY
IN ORDER TO MEET THE REQUIREMNTS OF THE 197) HSW ACT. HERE IT IS
ﬁWORTLW TO BEAR IN MIND THAT THE HSC HAVE THE POWER,AND THE INTENTION,
TO EMBARK ON A COMPLETE MODERNISATION OF EXPLOSIVES LAY, INCLUDING THE
REPLACRMUNT OF THE EXPLOSIVES ACT 1875. FURTHER, IT IS THEY WHO ARE
NOW EMPOWERED WITH ISSUING THi SIs COVERING THE STORAGE AND TRANSPORTATICN
OF EXPLOSIVES - BOTH FOR CIVIL AND MILITARY USES.  FINALLY, THEY ARE
REQUIRED TO OVERSEE THE ENFORCEMENT OF OD's SXPLOSIVES RiIGULATIONS
THROUGHOUT THE SERVICE DEPOTS, STORAGE AREAS, RESBARCH ESTABLISHM:NTS AND
THE ROYAL ORDNANCE FACTORIES (WHICH STILL MAINTAIN THE MAJOR MILITARY
EXPLOSIVES MANUFACTURING AND FILLING FACILITIES IN THK UK.) 80, UNLIKE
THE ESTC, WHICH IS AN INDEPENDENT ADVISORY BODY WITHOUT ANY EXECUTIVE
AUTHORITY, THE HSE IS AN ENFORCING AUTHORITY.

EVER SINCE TH:? PASSING OF THE 1974 HS¥ ACT, DISCUSSIONS AND
NEGOTIATIONS HAVE FOLLOWED CONCEZRNING THE BEST WAY THAT HSE SHOULD TAKE
ON ITS NEW ROLE IN THE MOD EXPLOSIVES AREAS. THE OUTCOME OF THWSE
NEGOTIATIONS WAS THE FORMATION ON 1 JANUARY, 1982, OF THE DEFENCE
EXPLOSIVES SAFETY AUTHORITY (DESA). ITS AIM IS THE PROVISION OF
MACHINERY TO ASSIST WITH THE MONITORING OF MOD EXPLOSIVES AREAS TO
ENSURE COMPLIANCE «ITH THE HSW ACT. IT IS A FORUM IN VHICH CONFLICTS

BETWEEN DEFENCE IMPERATIVES AND THE OBLIGATIONS OF THE HSW ACT AND OTH:R

13
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LEGISLATION WILL BE RECONCILED. IT MUST OVERSEE THE PROVISIONS FOR

HEALTH AND SAFETY IN MOD EXPLOSIVES AREAS, ARRANGE FOR AUDITING OF “}
o

THSE PROVISIONS AND GIVE GUIDANCE ON ENFORCEMENT POLICY WHERE THIS
IS NECESSARY.

DESA IS MADE UP OF FOUR DISTINCT PARTS EACH HAVING A DEFINITIVE
ROLE TO PLAY3
a. A MANAGEMENT COMAITTEE COMPRISING iHk DIRECTOR GENERAL
DG/HSE AND THE PERMANSNT UNDER SECR:TARY (2nd PUS)/itOD.
b. A CENTRAL COMMITTEE WHICH REPORTS TO THE MANAGEM/UNT
COMAITTEE MADE UP OF EXPERTS IN =XPLOSIVES POLICY AND
PCYNOLOGY FROM MOD AND HSE.
c. TIE INTSRNAL INSPECTORATE ORGANISATION WHICH ALREADY
ZXISTS WITHIN MOD UNDER THE COMMAND OF DEPARTMENTAL CHIEF
INSPECTORS AWD “HICH RESPONDS TO THE CENTRAL COMMITTEE
JHROUGH THEM.
d. AN AUDIT TEAM WHICH IS UNDER THE COMMAND OF HM CHIEF - b
INSPECTOR OF EXPLOSIVES HSE AND WHICH RESPONDS TO THE
CENTRAL COMMITTEE THROUGH HIM.
TH, MANAGEMENT COMMITTEE WILL PROVIDE A GENERAL OVERSIGHT OF THE
WORK OF DESA. IN ADDITION, IT WILL TRY TO RESOLVE ANY MAJOR
DISAGREZMENTS WHICH JIGHT ARISE BETWEEN MOD AND HSE IN THE CONDUCT
OF HSW AFFAIRS.
THE CENTRAL COMMITTEE IS CHAIAED BY THE VICE-PRESIDENT OF THE

ORDNANCE BOARD WHO IS ALSO CHAIRMAN OF THE £STC. THEZ VICE~CHAIRUAN

IS THi HRAD OF HXPLOSIVES POLICY AT THE HS¥. THESE TVO POSTS

ROTATE ANNUALLY.  WEMBERSHIP IS DRAWN FROM THE CHIEF INSPECTORS OF
YXPLOSIVES OF THE 3 34RVICES AND THE PROCUREMENT -XECUTIVL, PLUS HM CHIZF

INSPPCTOR OF ZXPLOSIVES H3S (WHO IS THE DESA CHIWF AUDIT INSPECTOR),

y D
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' TOGETISR WITH REPRISENTATIVES FROM INTERESTED 0D DEPARTMSNTS AND THE HSE.
ITS RUSPONSIBILITIES COVER: . {1
a.  INTRODUCING PROCEDURES THROUGH THi MEDIUM OF PRESCRTPTIONS

ALLOWING DESA TO PERFORM ITS FUNCTIONS UDsR TIE AGRUEMENT.
b.  AGHAKING SUANDAKDS WOR GOPLIANGE WITH THE HSY ACT REUIRE-
CHNTS IN 20D EXPLOSIVES ARTAS. |
0.  R:VIEJING THE PROCEDUR:S FOR CONCHSSIONS AGAINST THE AGRSE ;
SAFETY STANDARDS.
d.  AGREEING DESA MONITORING PROGRAM.=S AND RECZIVING REPOATS
FROM THE DEPARTMSNTAL CUIZF INSPECTORS AND THE CHIEF INSPECTOR
Of AUDIT.
e. RECEIVING ACCIDENT AND DANGEROUS OCCURRENCE R OATS AND
THE RESULTS OF ENQUIRIES INTO =XPLOSIVE INCIDENTS.
f. RESOLVING DIFFICULTIES ARISING OUT OF GROWN HOTICE ACTION. l
' ge  REVIEVING NEW YSE LEGISLATION CONCSRNING iOD CONVENTIOWAL ;
_ XPLOSIVES AND THE IMPLICATIONS OF SUCH LEGISLATION ON DESA
‘ STANDARDS AND DEFINCE IMPSRATIVES.
h. LIAISON WITH THE xSTC.
jo  PRODUCING AN ANNUAL REPORT FOR THE MANAGEMENT COWi:ITTEE.

THE SERVICE AND P& pXPLOSIVES INSIUCTORATES ARE RESPONSISLE FOR

THY DAY~-TO~DAY COu?LIANCE OF THe HSW ACT IN ACCORDANCE WITH THE STAWDARDS

AGRESD BY T9: CHNTRAL COMMITTEE.

THE AUDIT TEAML IS RESPONSIALE #OR HMONTTORING COwrLIAWCE «ITH THE
REQUIREJIENT OF TUY% HSW ACT IN iOD EXPLOSIVwS AR®AS. TO DO THIS IT

NEEDS TOs
a. JONITOR ALL INTERNAL INSPLCTION wEPORTS AND ADPTIND SELSCTED

HOD INTRNAL INSPOCTIONS 3Y AGREHMENT.
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b. CONDUCT SAFETY AUDITS IN MOD CONVENTIONAL EXPLOSIVES ARGZAS,

USING AGRESD STANDARDS, WITH A REPRESENTATIVE OF TIE INTERNAL

TWSPECTORATE IN ATTENDANCE. ‘}

.  EXA{INE EXPLOSIVES LICINSING ARRANGEMENTS.

d.  CONDURT OR PARTICIPATE IN ACCIDENT/INCIDENT INVESTIGATIONS,

AS CONSTDERED APPROPRIATE BY THI CHIEZ INSPZCTOR OF AUDIT. :. {
e. INVESTIGATE COMPLAINTS ABOUT DWFICIENCIES IN HEALTH AND

SAFITY . i

f. WHEN NO OTHER ACTION IS POSSIGLE, TAKE ENFORCING ACTION,
B8Y SKRVING CROWN PROHIBITION, OR IMPROVEMENT NOTICES, AGAINST
20D ESTABLISHIINTS AND CONDUCTING PROSECUTION ACTION, IF
NRCESSARY.  AS YOU CAN WELL IMAGINE, THIS LATTER POINT HAS
BEEN AN ARBA OF GREAT CONCERN TO THE iOD FOR IT HAS VERY JVIDE
COHNOTATIONS AND IMPLICATIOIIS ON THE WAY WE IN THE SERVICES DO

OUR JOB.  NEVERTHELESS, IT HAS BEEN AGREED THAT THE HSW ACT WILL

HOT TAXS PRECEDENCE OVER THE SERVICE DISCIPLINE ACTS AND IT HAS }
TO B RZCOGHNISED THAT THE SAFETY OF THE RSALM IS TO BE CONSIDEAZD h
THE PARAMOUNT KFACTOR.  FURTIIERMORE, IT 'IAS BEZN AGAEWD THAT TYE

HSE :14S NO INTENTION OF PROSECUTING AN INDIVIDUAL CIVIL SEAVANT

IN SUBSTITUTION FOR HIS DEPARTYWENT. THE HSZ WOULD ONLY

PROSICUTE AN INDIVIDUAL CIVIL SERVANT #HERE THERE IS WILFUL OR
43CKLYSS DISRUGARD OF HEALTH OR SAFITY RSWIREMENTS. VITH
SERVICEMEN THL SERVICES WOULD USk THEIR OuN ~OWERS TO DZIAL #ITH
DISCIPLINARY CHARGES AND ONLY IN VERY UXCEPTIONAL CIRCUMS "ANCES
AJD WITH THE APPROVAL OF THE JANAGuIsNT COWMWITTE: wWOULD CIVIL

COURTS BE INVOLVED.
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FINALLY, THE AREA THAT WILL BE COVERED BY DESA WITH RESPECT TO !

é . BOTH STANDARDS AND ENFORCEMENT, WILL BE IN THOSE MOD CONVENTIONAL
EXFLOSIVES AREAS COVERING MANUFACTURE, PRODUCTION, STORAGE, CONVEYANCH,
RESHARCH, DIVELOPMENT, PROOF AND TRIALS. IT WILL NOT BE RESPONSIBLE

FOR:
a. EXPLOSIVES HELD READY FOR OPERATICNAL USE, IN HM SHIPS

AND RFAs, IN ARMY OPERATIONAL UNITS OR IN RAF AIRCRAFT OR
ITOCKS DISFERSKD TO SQUADRON OPERATING AREAS IN A READY-FOR-

USE STATE.
b.  AMMUNITION AND mwXPLOSIVES BING USED FOR OPKRATIONAL

TRAINING PURPOSuS 8Y OPSRATIONAL UNITS OR TRAINING

WS''ABLI SHH NTS o
0. STATIC ESTABLISHMSNTS DURING PSRIODS WHEN THEY ARE

SUPPORTING OPuRATIONS OR DURING t:OBILLSATION WXiKRCISES.

,; NOT£: HSE's RESPONSIBILITISS CONCERNING VISITING FORCSS ARE AT PRESENT
F . UNDxR INVESTIGATION BUT IT IS «NVISAGED THAT DESA WILL TREAT
THEM IN Tl SAME WAY AS THIY DO THE UK S4ERVICES.

S0 IN SUNMING UP, 'HAT HAS BuEN THE KFFECT OF THs HSW ACT 1974,
ON THE UNITED KINGDOM MILITARY wXPLOSIVES SAFuYY MANAGEM=NT AREA:

a. TYE MOST IMFORTANT, ALTHOUGH IT WILL BE A LONG TIMu

BEFORE IT TAKES EFFECT, IS THAT AN OUTSIDE 30DY, THE HSm,

IS NOW RASPONSIBLE FOR RAISING THi LiGISLATION, THAT IS THE

5Is, CONCERNING THE MANUFACTURE, STORAGE AND TRAWSPORTATION

3Y ROAD, SctA AND AIR OF WILITARY <XPLOSIVes WITHIN THE UK.

J0WEVER, IT IS STILL wNVISAGSD 'THAT THI 53TC WILL PLAY A

AJOR PART IN TYE INTRODUCTION OF SUCH LuGISLAIION.

b,  THi INDIVIDUAL SeRVICS AND FPE eXPLOSIVES INSPSCTORATES

+ILL NO LONGER 1L S<L¥ ACCOUNTING. THE DESA AUDIT

INSPHCTORS VWILL IN FUTURE MONITOR ''HEIR WORK.

17
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“HAT HAS NOT CHANGED, AND WILL NOT CHANGE, IS THAT THE OPSRATIONAL -~
SIDE OF THE SERVICES VILL RENMAIN SOL:LY UNDER THE CONTROL OF THwm INDIVIDUAL ‘)

SERVICES AND WILL, IN NO WAY Bi INFLUENCiD SY THE HSC OR THE HSE.  FURTHER-

[

MORE, DURING PERIODS OF TIWSTION, PROVISION HAS RibN MADZ FOR THi SERVICLS

TO HAVE COMPLETE FREEDOX OF ACTION.
BEFORY CONCLUDING, YOU nAY VELL ASK AT IS THE FULURS OF THx HSTC. »‘

WELL, I FORFCAST THAT ONCE DuSA HAS RESPONSIBILITISS FOR BOTH JUCLwAR AND

CONVENTIONAL WUAPOIT3, THE ESTC wIGH? whLL BE SU3SUMED INTO BEING »ART OF

THE DiISA FRAVEWORK.  FOR, wIUH THE HSS SEING RESPONSIBLE FOR ALL UK

SXPLOSIVES' LEGISLATION, PLUS ITS AUDITING FUNCTION, IT IS ONLY LOGICAL

THAT GIVEN TIME, THE DEIAND JILL CO.E FOR THE STALDARDISATION OF THE LiOD

EXPLOSIVES RIGULATIONS WHICH CURRENTLY ARE IN 4 VZRSIONS (ALL DIFFS1ENT)

TOR THE RN, ARMY, RAP AND PE. ONCE TMIS STANDARDISATION IS ACHIEVED

THE N0XT STEP WILL 82 THE LEGISLATION OF ZSTC PRASCRIPTIONS - WHICH ARE

CURRSNTLY ADVISORY ONLY. THE WAY TO DO THIS #ILL BE UNDER THE HANTLE ’ ;

OF DESA. HOWEVER, THIS IS LOOKING A LONG WAY AHEAD. “
IN CONCLUSION, MAY I SAY THAT IT IS EARLY DAYS YST,FOR DESA WAS ONLY

FORMED IN JANUARY OF THIS YEAR,BUT I REMAIN CONFIDENT THAT SAFETY IN THE

UK MILITARY &XPLOSIVES AREA CAN ONLY BE LNHANCED BY THESE NEW MEASURLS,

WVHILE, AT THE SAME TIME, THE OPERATIONAL ROLE OF THE SERVIC:S TOGETHER

VITH DEFENCE IMPERATIVES, wWILL IN NO WAY BE JEOPARDISED.  INDZED, IT IS

MY RESPONSIBILITY, AS THE CHAIRMAN, TO ENSURSE THAT THIS REMAINS SO.

THANK YOU.

"BRITISH CROWN COPYRIGHT. Not to be reproduced without permission

from the Controller, Her Britannic Majesty's Stationery Office."
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o \ INTRODUCTION AND SUMMARY

The U.S., Army Tcxic and Hazardous Materials Agency is preparing to
demilitarize the U.S. inventory of munitions containing the incapacitating agent BZ. As
employed in the munitions, BZ is blended with an energetic pyrotechnic mixture. The
mixture is 50% BZ, 23% KCl03, 9% S, and 18% NaHCO3. In normal functioning, this
mixture is ignited along central core holes in the munitions and reacts over a few tens of
seconds to produce an aerosol cloud of BZ. However, upper limit theoretical calculations
suggesated that this mixture could potentially be detonable, but it was not known if actual

: detonation could occur. To facilitate selection from among five candidate demilitariza-
- tion concepts(l) it was desirable that the detonability of the munitions be established. To
B this end, a series of experimental tests as described in this paper was conducted. These

tests gave conclusive evidence of non-detonability. —

The potentially most detonable item in the BZ inventory was selected for
detonability tests. This is the bomblet with the largest continuous diameter, 72 mm of
BZ-pyrotechnic mix, the M138, This bomblet also has the thickest stee! walls, 3 mm, for
radial confinement. The M138 is comprised of 4 individual M7 cannisters loaded inside a
steel tube casing. An individual M138 bomblet is one of 57 packed in each M43 cluster
munition. As such, adjacent M138s in the close-packed array could provide a full-length
additional 2-mm steel radial confinement along 6 line contacts with the M138. Therefore,
the M138, fitted inside an additional close-fitting steel tube with 2.3 mm wall thickness
(nearest to 3 mm thickness available), was selected as the configuration for detonability
tests. Proof of non-detonablility of this item would coanstitute proof of non-detonability of
the entire BZ-containing munition inventory.

4 @
|

) The test configuration included a full munition diameter donor explosive

: charge of composition C-4 in firm contact with one end of the munition. The primary
indication of detonability was from dynamic instrumentation, epoxy potted into the entire
length of the core hole, which showed the steady decay of the input shock velocity to
sonic values as the shock progressed down the munition. Examination of the munition
remains provided a secondary indication.

The tests were conducted in a sealed blast containment chamber inside an
igloo at Pine Bluff Arsenal. A pilot plant incinerator, previously qualified for destruction
of BZ, was used to dispose of the BZ released during the tests.

Of 17 tests attempted, 14 tests provided detonability data. In two tests
the munitions self-ignited during heating to the original target preheat temperature of
105 C. This self-ignition resulted in lowering the preheat temperature to 80 C on
remaining tests. Data from the third test were lost due to an equipment malfunction. To
provide the broadest possible sampling base, the tested munitions were drawn from all of
the eight manufacturing lots from which M138s had been downloaded from the original
M43 cluster configuration. These lots were judged to be reasonably representative of the
total inventory on the basis of available lot characterization data. Seven tests were
conducted at ambient temperature and seven were conducted after preheating the
munitions to 80 C. Four of the ambient temperature tests were conducted on munitions
"inerted" by immersion in a water-plus 0.01% Avirol-113 wetting agent. The B2-
pyrotechnic mixture was ignited by the shock wave in most tests, although one or more of
the 0.1-m M7 canisters remained intact in half of the tests.
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There was no significant difference in the observed shock decay between
inerted, ambient live, and preheated live munitions. The average shock wave travel,
above the apparent sonic velocity of 2,0 mm/microsec, was 115.1% 8.5 mm throagh the
munitions for all tests. A shock travel of 130 mm above 2.0 mm/microsec was observed in
a similiar detonability test on a mockup which contained no reactive ingredients. These
results, together with the recovery of intact portions of the munitions in many tests, are
conclusive evidence for non-detonability of the munitions.

The body of this paper is organized into four major sections following this
introduction and summary. Section 2 describes the technical approach, the background
for selection of the detonability test configuration, the basis for selection of test
conditions, and the basis for interpretation of the results obtained. Section 3 describes
the specialized experimental apparatus used for thesc testa. Section 4 presents the
experimental procedures used and the results obtained. Section 5 lists conclusions from
this work.

2. TECHNICAL APPROACH

2.1 Background

The process of detonation can be described as a supersonic compressive
shock wave driven through a reactive material by the energy released in the Chapman-
Jouguet (C-J) reaction zone immediately behind the shock wave. The adiabatic heating
associated with the shock compression of the material triggers the chemical reaction(s)
responsible for the energy release. Immediately behind the shock wave, the particle or
mass velocity is in the same direction as the shock wave velocity. The mass velocity,
pressure, and internal energy decay behind the shock wave front. The energy released
behind the shock wave front can contribute to driving the shock front only in the zone in
which the energy transfer speed (the sum of the local sonic velocity plus the mass
velocity) is equal to or greater than the shock velocity. As the mass velocity, pressure,
and temperature decay behind the shock front, a limiting boundary is reached where the
energy transfer speed drops below the shock velocity. The shock wave and this boundary
define the C-J reaction zone. Chemical reaction may continue behind this boundary and
can contribute to the total energy released during explosion but cannot influence the
detonation (or shock wave) velocity. In a uniform charge of constant cross sectional area
and confinement along its length, a steady detonation velocity is normally achieved in
which the energy released in the reaction zone is equal to the energy required to drive the
shock wave (the energy required to shock compress the unreacted material).

However, at the lateral surfaces of the charge, a portion of energy
released in the reaction zone is also expended in the production of lateral mass velocity
components and resultant lateral expansion of the charge. This energy is lost for the
purpose of driving the detonation front, but must be included in the energy balance which
determines the detonation velocity. Because the ratio of lateral surface area to reaction
zone volume increases as the charge diameter decreases, the fraction of energy lost
laterally increases with decreasing charge diameter. This effect can lead to a decreasing
detonation velocity with charge diameter because the energy required to drive the shock
front decreases with shock velocity. With decreasing shock velocity, the shock pressure
and induced temperature vise also decreass. These decreases lead, in turn, to a generally
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exponential rate of decrease in chemical reaction rate. The detonation velocity does not
decraase below a certain level which depends on the detailed characterics of the reactive
material. Instead, a minimum diameter (the critical diameter) is reached below which a
sustained detonation is not possible.

Because the critical diameter arises due to lateral energy losses from the
reaction sone, the critical diameter of a given reactive material also depends on the
lateral confinement of the charge. Thus the critical diameter for a charge inside a
confinement tube is less, perhapa much less, than for an unconfined charge.

In sufficiently large charge diameters, many energetic materials such as
gun and rocket propellants can be detonated. These materials are not commonly referred
to as detonable materials because their critical diameters for a sustained detonation are
simply larger than are normally prepared and/or no sufficiently large initiating shocks (in
magnitude and cross-sectional area) are available to start the detonation process.

2.2 Selection of Test Configuration

The determination of the detonability of the material of interest here, i.e.
BZ-pyromix, from a practical viewpoint need not be an absolute determination, but rather
a determination of detonability under the combined conditions of maximum existing
charge diameter and lateral confinement. Within the BZ munition inventory, these
conditions are fulfilled by the M138 bomblet packed intc the M43 cluster munition, see
Figures 1 and 2.

The array of 19 M138 bomblets through a cross-section of an M43 cluster
might be considered to form an equivalent diameter larger than a single M138 from the
standpoint of critical diameter for detonation. However, a deflagration~-to-detonation
transition (DDT) must occur over a diameter at leaat equal to the critical dismeter to
develop a self-sustaining detonation. Thus, if the critical diameter is greater than the
diameter of a single M138, but smaller than an M43, a DDT must occur simultaneously in
three or more contiguous M138s. A DDT in a single M138, being below the critical
diameter, could not occur and an induced detonation wave in a single M138 would be
quenched. The likelithood of a DDT occurring simultaneously across the junctures of the
M138s s0 that the resultant detonation wave was contiguous across the junctures of the
M138s appears negligibly small under any conceivable real circumstances during demili-
tarisation. Hence, we believe that proof of the critical diameter for detonation of BZ-
pyromix being greater than that of a single M138, as confined inside an M43, {s sufficient
to support an assessment of non-detonability for all of the BZ munitions.

An M138 inside an M43 is confined around its perimeter by line contacts
with six adjacent M138s along its length. The combined wall thickness of the M138 case
and contained M7 canister cases approximates 3 mm of steel. Hence, a test of an M138
contained inside a steel tube with a 3-mm wall thickness would provide an over-test of the
confinement provided by the adjacent M138's in an M43 cluster. Thus the munition
selected for detonability tests was a single M138 housed inside a close-fitting steel tube
with a Z.3~-mm wall thickness, (the naarest standard size to 3 mm).

From the standpoint of theoretical predictions of detonability, the max-
imum possible energy release from the reaction of the BZ-pyromix can be equated to the
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energy required to drive a shock wave through the unreacted material. By ignoring lateral
energy lomses, the problem is simplified and becomes aquivalent to mocking up very large
or well confined charges. A calculational scheme based on the above premises has been
built into & computer program calied TIGER.

It should be noted that this calculation cannot predict whether detonation
will or can occur because it cannot be predicted at present whether the hypothesized
reactions can occur rapidly enough to take place within the C~J reaction zone. Thus, this
calculation is a prediction of the theoretical upper limit for the detonation velocity and
pressure within the uncertainty of knowledge of the required inputs to the code
calculation. The TIGER code was run for the BZ-pyromix composition by Robert Gentner
of ARRADCOM(2), Dover Site. The theoretically predicted detonation velocity was 3.3
mm/microsec &t a pressure of about 2.5 GPa (25 kbar).

Thus for detonability testing, a donor charge which provides a shock
velocity (and pressure) input to a confined M138 over its entire cross sectional area in
excess of the predicted upper limit sustained detonation velocity (and pressure) is all that
is required. In the absence of a detonation, the input shock would be expected to decay
along the length of the M138. The shock pressure would decay from the initial high input
pressure from the donor charge to very low levels. Accompanying the pressure decay, the
shock velocity would decay from high initial values of 5 mm/microsec down to the sonic
velocity in BZ-pyromix. There does not appear to be any sonic velocity data available for
BZ-pyromix. However, based on comparisons with other materials it seems unlikely that
the sonic velocity will exceed 2.3 mm/microsec, and may be appreciably lower,

2.3 Basis for Interpretation of Results

Historically, and commonly, the occurrence of a detonation is signalled by
the perforation of a steel witness plate in close proximity to the charge(3). However, in
the case of BZ-pyromix, the predicted upper limit detonation parameters are sufficiently
low that such perforation might not occur even in the presence of a detonation. Instead, a
dual basis for the test interpretation was developed. One relies on instrumentation in the
core hole to measure the shock front position with time (and hence shock velocity by
differentiation) along the length of the M138. The other relies on visual observation of
the remaining metal parts after the test. In the event of failure of the real time
instrumentation or as confirmation, a post-test examination which shows major parts of
the M138 remaininrg intact, or broken into fairly large pieces, constitutes evidence for
non-detonation. A measured sustained shock velocity in the M138 near 3 mm/microsec
coupled with fragmentation of the metal parts would constitute evidence for detonation.
On the other hand, a decaying shock velocity to 2.3 mm/microsec which remains below
this value together with some metal parts remaining intact, or oaly fractured in relatively
large pieces, would constitute a non-detonation. In this context, "relatively large" pieces
means {ragments approximate to the length of an M7 canister and wide enough to span
about one~-half the M138 circumference.

2.4 Test Conditions and Lot Selaction

Processes being evaluated for application to the demilitarization of the BZ
munition inventory involve handling of the munitions in both inventory condition and after
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inerting by submersion in an inerting liquid. Destruction is expected to occur by burning
off the BZ-pyromix in a heating chamber or rotary kiln, with subsequent incineration of
the evolved BZ vapor or aerosol. Thus it is desirable to obtain data on the detonability of
munitions at ambient temperatures in (1) the inventory condition, (2) after short (5~
minute) inerting liquid submersion and (3) after normal (2-hour) inerting liquid submersion
for a plant design to withstand detonation effects, if shown to be necessmry. Since
heating of munitions is also contemplated, it is desirable to obtain detonability data on
preheated munitions as an aid in assessing the requirements for the heating-functioning
furnace or kiln.

Bomblets which had been downloaded from M43s were available for testing

._from several different lots of production. Production testing showed the burning {(normal

functioning) rates to vary appreciably from lot to lot. Although there is no known
correlation between detonability and burning rate in the normal functioning mode, the
burning rate data seemed likely to be the most significant data available, Thus M138
munitions were selected for test from all available lots, but with replications of the
fastest burning and near the slowest burning time munitions available. The numerical
values of this parameter are reported in Section 4.1 on test conditions and lot selection.

3. EXPERIMENTAL APPARATUS

To conduct the planned series of detonability tests, two major items of
equipment were required:

e An explosive and gas containment vessel capable of containing the
detonation of at least 1.5 kg TNT-equivalent high explosive and
retaining the gases and aerosol without significant leakage

e A vapor incinerator, afterburner, and water quench system capabie of
reducing the BZ content and temperature of gases resulting from the
detonability tests to a level allowable for discharge into the igloo
environment.

The vapor incinerator, afterburner, and water quench system was con-
structed to obtain preliminary plant design information as well as to destroy the BZ
vapor/aerosol generated during these tests. The incinerator system was extensively
tested and qualified for the destruction of BZ prior to the conduct of these tests. It has
been described in detail elsewhere.(4)

3.1 Blast Containment Sphere

The blast containment, vessel was modified from a previously constructed,
1.07-m~ diameter spherical chamber with an average wall thickneas of 22.9 mm.(5) For
this application, the original port reinforcing ring and door were replaced by an O-ring-
sealed door externally mounted and secured by a double row of bolts. This port design was
patterned after similar closures which had been qualified for blast containment at Los
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Alamos National Laboratory. Additional penetrations were a high-pressure, 28-pin
electrical lead-through manufactured by D. G. O'Brien, incorporated for heater and
instrumentation connections, and two Swagelok® high voltage lead-throughs for the
exploding bridgewire detonators. Piping connections for the pressure transducer and for
gas parging were made through the door. After modification, the sphere was requalified
by the test firing of a 1.82 Kg spherical composition C~4 test charge, as well as static gas
pressure tests at 2.27 MPa. These tests have been previously deacribed in detail.(6)

3.2 Fragment Restraint Assembly

Figure 3 shows a schematic of a hot detonability test assembly arranged
inside the containment sphere. To provide protection for the sphere interior from
fragment damage, a 0.46-m-length of 0.41-m O.D. pipe with near 25.4-mm wall thickness
was hung, as shown, on the sphere horizontal centerline. This pipe was specially
constructed of high toughness steel alloy. It was fitted with a replaceable, mild steel
liner rolled from 9.61-mm-thickness plate. The pipe provided the structural strength to
absorb the fragment momentum while the liner absorbed the fragment craters. About
midway through the test series, the liner was replaced as planned, to prevent penetration
of the accumulated fragment craters through the liner. :

3.3 Detonability Assemblies

Inside the fragment restraint pipe, the detonability assembly was supported .

on the sphere centerline by a thin steel cradle. The assembly shown schematically in {
Figure 3 is for a preheated detonability test. At the heart of the assembly is a specially o A
instrumented M138 bomblet which is described in the following section (Section 3.4). The
bomblet is secured inside a 13-gage steel tube over its full length to provide the desired
additional confinement. This tube in turn was fitted with two separate fiberglass-
insulated electrical heating tapes, a main heater and an end compensating heater. Each
heater was controlled with the aid of a thermocouple, hard-soldered to the confinement
tube. The two control thermocouples were connected to atrip chart recorder-controllers.
The heaters were powered through variable autotransformers which were adjusted during
heating to maintain the center and end thermocouple at near the same termperature and to
maintain good temperature control once the heating jacket reached the desired
temperature.

The 1.3-1b composition C-4 donor charge was designed to provide a charge
length at full diameter equal to the charge diameter plus a conical lead-in to insure near-
planar, axial symmetry of the detonation shock entering the munition. For the pre-heated
tests, it was supported inside a fiberglass-reinforced silicone plastic tube, separated from
the M138 by a 51-mm air space during heating to minimize preheating of the C-4. After
the desired preheat, a specially-designed electric gearmotor actuator moved the charge
into firm contact with the M138 just before detonation. The C-4 charge was contained
inside 2 0.20~ to 0.46-mm thick vacu-formed PVC container. This container was
supported by a strong, wooden mold during packing of the C~4 plastic explosive to allow
the production of a fully densified charge of the correct dimensions. After packing, the
thin plastic container provided sufficient support to allow easy handling of the explosive

charge.
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; | The C-4 charge was detonated by an RP-83 exploding bridgewire detonatdr.

3 This detonator was selected to provide safety from stray electrical currents during

B loading operations. The exploding bridgewires were fired by a Model F$10 firing unit
manufactured by Reynolds Products, Inc.

The confinement tube for the unheated M138 munitions was identical to
that for the heated munitions. For these tests, the composition C-4 charges were secured
in firm contact with the munitions by the force of several strong rubber bands between
the M138 and a specially shaped, wooden block across the base of the C-4 charge.

i 3.4 Instrumented M138 Assembly

The M138 itself was fitted with a special detonation probe assembly
e inserted into the core hole of the munition. Figure 4 shows the detonation probe
assembly. As shown, the assembly was comprised of two 28 ga type K (Chromel-Alumél)
thermocouples and two detonation probes potted inside a low-density polyethylene tube.
The header assembly served to protect the otherwise extremely fragile connection
, between the detonation probes and the coaxial cables used’ to connect the probes to the
} exterior instrumentation.
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FIGURE 4. DETONATION PROBE ASSEMBLY
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Two detonation probes were used in each assembly to provide redundant
information on the position of the shock front (Figure 4). Each probe was comprised of a
0.51-mm-~diameter alumirum tube (0.038~-mm wall thickness) containing an 0.025-mm-~
diameter Moleculloy ® resistance wire (0.33 ohms/mm resistance). The resistance wire
was insulated by skip-wound nylon. The resistance wire was soldered to the aluminum
tube at oae end 2nd connected to the center wire of the coaxial signal cable at the other.
The aluminum tube was connected to the coaxial cable shield.

In operation, a high pressure shock wave travelling up the M138 and probe
from the originally shorted end progressively shorted out more of the resistance wire by
crushing the aluminum tubing against the wire. Of course, if the pressure in the shock
wave dropped below that required to crush the tube, the probe would cease to provide
position data; at pressure leveis near the threshold, the crushing of the tube could be
expected to be somewhat erratic. The circuitry associated with each probe consisted of a
battery-powered, constant current source and a high-impedance measurement of the
variation in voltage across the prche with time. With appropriate calibrations, the
measured voltage could be related to the position of the shock front (as described in detail
in Appendix A). The constant current supply was adjusted to provide ~74 mA through the
probe resistance of ~121 ohms, giving an initial voltage of ~9V. This represents a power
dissipation of ~2/3 Watt so that neglible heating was prcduced by the probe exitation
current.

The detonation probe assemblies for the ambient temperature tests were
identical to those shown in Figure 4 except the thermocouples were not installed.

To insure that no interference would be encountered during assembly of the
6.4-mm probes into the M138 munition, each zore hole was optically gaged with the aid of
a small (2 mW) He-Ne laser fitted with a beam expander which provided a 12-mm
diameter parallel light beam. If the iight beam was unobstructed over at least a 6.4-mm
diameter after passing through the core hole of the munition, the probe could be safely
inserted. This optical gaging technique showed that all munitions were safe to ine~rt the
6.34~mm probe.

One detonation probe assembly was potted inside the core-hole of each
M138 bomblet tested. The core hole surrounding the detonation probe was filled with a
low viscosity epoxy resin (Hysol® resin R8-2038 with HD-3404 hardner). The active end of
the actual detonation probes were approximately 1/4-inch, or 6.3 mm, from the end of the
bottom M7 canister. The fuze cavity at the lead end of the M138 was filled with another
epoxy potting compound (Hysol® C8-4143 resin with HD-3404 hardener). This resin
contains 50% silica filler to reduce shrinkage during curing. Both epoxy resins were pre-
checked for temperature rise during curing in the configurations used and found to be
satisfactory. The resultant instrumented M138 was mechanically quite strong to allow
handling and installation into the blast containment sphere for testing. All electrical
leads were pre-connected and potted irto a large. 28-pin plug which mated with the lead-
through mounted in the blast container wall. Thus it was possible for operating personnel
in Level B protective clothing (gas masks, rubber aprons, boots and gloves) to assemble
and install these highly instrumented assemblies into the blast containment sphere without
recoursc to soldering operations.

It should be noted that both ends of the coaxial cables used for the
detonation probe leads were entirely sealed by immersion in epoxy potting. In addition,
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the plug O-ring sealed into the containment lead-through socket. Thus the eatire probe
circuits were protected from the short-cizcuiting effects of the high pressure, ionized air-
shock wave generated by detonation of the C-4 charge, assuring against premature loss of
tha detonation probe signal from this source.

Another result of installation of the detonation probe assembly was to
provide additional lateral confinement of the M138 by preventing the free expansion of
the reaction products into the core hole, which would normally occur with inventory
munitions. This provided an additional degree of overtest which was necessitated by the
requirement to provide a continuous shock path through solid material from the BZ-
pyromix fill to the detonation probes.

3.5 Electronic Data Acquisition Apparatus

A block diagram of the apparatus used for gathering the sphere pressure
und Jetoration probe data is shown in Figure 5, together with the detonator firing circuit.

Reynolds
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FIGURE 5. DATA ACQUISITION SYSTEM FOR THE DETONATION
PROBES AND SPHERE INTERNAL PRESSURE
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In operation, the shot was fired by a push button on the FS-10 firing unit. This unit,
through the firing module, produced pulse needed to fire the axploding bridgewire
detonator, Reynold's RP-83. At the same time the firing pulse was initiated, a 30-V pulse
was generated which served as a trigger signal for the fast data acquisition system.

The fast data acquisition system was comprised of two major parts, the
detonation probe and pressure-signal processing subsystems. The detonation probe
subsystem consisted of two adjustable constant current power supplies and a Physical
Data Inc. Model 523-A2 two-channel transient waveform recoeder. This unit provided
4096 digital samples for each channel at 0.1 microsec per sample., After temporary
digital storage in the unit, it was subsequently transferred at a reduced rate, in analog
form to the Smartscope® where it was re-digitized and processed. The plots shown in this
paper were generated directly on the Smartscope plotter.

The internal pressure in the sphere was monitored by a Viatran Model 108
pressure transducer and recorded on the Smartscope where it was sampled over a 10-sec
period with 1-msec resolution. The appropriate calibrations were input to the Smartscope
so that its digital plotter produced the pressure time records directly.

4. EXPERIMENTAL PROCEDURES AND RESULTS

The detonability tests were conducted in a storage igloo at Pine Bluff
Arsenal, Pine Bluff, Arkansas. This igloo was equipped with a personnel change house,
filtered ventilation system, and the necessary gas and power supplies. It also housed the
pilot scale incinerator used to dispose of resultant BZ aerosol. After initial training, all
munition preparations and test operations inside the igloo were conducted by technicians
from Pine Bluff Arsenal. Explosive charge preparation, and all handling operations
involving explosive and detonators, were performed by members of the 52nd E.O.D.
Detachment at Pine Bluff Arsenal.

4.1 Test Conditions and Lot Selection

As described in the technical approach, munitions were selected from all
available downloaded luts to provide as broad a sampling base as possible. In addition,
where duplicate tests were possible, they were grouped at the extremes of low and high
.burning times. Table ! shows the test sequence. As shown, the tests were in four groups.
The first two tests were conducted on "inerted" M138 munitions. Inerting was done by
immersion for 2 hours in a vertical position in water with 0.01% Avirol-113 (a wetting
agent), after removal of the sealing tapes from the ends of the core holes. After inerting,
the munitions were allowed to drain overnight in a vertical position, before potting the
instrumentation into th: core hole.

The short inerting on the second two munitions was done the same as for
the inerted munitions except the immersion time was 5 minutes. i

The third group of three munitions were tested in the inventory condition.
All three of these groups were tested at ambient temperature (~27 C).
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Table 1. Test Variables for M138 Detonability Tests
— ]

(b)

Test Munition Burning® Test Conditions
No. Lot No. Time' Preparation emperature
1021- Secs. C
D1 35-153 3.2 inerted ambient
D2 44-1123 17.0 inerted ambient
D3 33-153 31.2 short inerted ambient
D4 64-1123 17.0 short inerted ambient
D5 35-153 31.2 live inventory ambient
Dé 41-187 26.5 live inventory ambient
D? 44-1123 17.0 live inventory ambient
D8 35-153 31.2 live Inventory intended 105{>)
D9 41-1113 30.7 live inventory intended 105
D10 35-133 3l.2 live inventory 74
Dil 41-187 26.5 live inventory 81
DI12 41-1103 23.3 live inventory 81
D13 36-160 22.5 live inventory 82
Dls 44.1123 17.0 live inventory 84
D15 36-181 28.0 live inventory 8i
Dieé 36-157 21.0 live inventory 8l
D17 41-1113 30.7 live inventory 80

(a) Of all M#43s produced, the shortest burn time measured was 15.3 sec. Only

5 lots had burn times less than 17.0 sec. Some production lots burned considerably
siower than the slowest lot available for these tests; five lots had burn times
greater than 40 sec.

Munition functioned during heating.
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The fourth group of ter: munitions were tested in a preheated condition. As
shown in Table 1, it was intended to preheat the munitions to a temperature of 105 C.
This temperature was chosen to provide a 5 C margin of safety over tests with an inert
simulant which caused extrusion of the fill(7). The preheating protocol was to heat the
outer shell to the desired test temperature then maintain this sheil temperature until the
core temperature reached the approximate shell temperature. During heating of test D8,
the BZ-pyromix ignited aiter the heater shell had been at 106-107 C lor 58 minutes and
the core thermocouples were indicating 75-77 C. No previous ignition of starter mix or
BZ-pyromix at this low temperature had haen observed. Hence a second attempt to
preheat to 105 C was made in test D9. Again, ignition occurred before the test
temperature was reached. This time ignition occurred 74 minutes after the outer shell
reached 105-106 C and at an indicated core temperature of 88 C. Ignition of the pyromix
caused the Composition C-4 to burn as well, so that no safety problem occurred. No
detonability data were obtainad from these two tests and it was decided to reduce the
test temperature to 80 C.

When the outer shell temperature was restricted to 80 C, the heating time
was too long to allow the core to reach 80 C. ‘Thus test D10 was fired at a core
temperature of 74 C, 2.4 hours after the shell reached 80 C. In subsequent teats, the shell
temperature was raised to 90-93 C to provide an increased thermal gradient io drive the
core temperature up to 80 C. Slightly before the test, the shell temperature was allowed
to cool to near 80 C, so that near isothermal conditions were established.

In test D11, the actuator motor to move the Composition C-4 donor charge
into contact with the M138 was found to be jammed in an attempt to operate the mector
after preheating. Due to possible safety problems in handling 2 previously preheated
device, the donor charge was fired, aborting test D11.

All remaining tests provided detonability data for the M138 configuration
tested. However, much of the data obtained was quite noisy, which required the use of
special techniques to extract meaningful data from the records. These data reduction
techniques were carried out on the data as stored within the Smartscope so that the data
plots presented herein were entirely machine-produced.

4.2 Typical Results Obtained

The results obtained from detonation test D7 are fairly representative of
the data obtained from each test. In some cases data from only one probe were obtained
and the data ranged from somewhat less to somewhat more noisy. In this section all of
the intermediate steps in the data reduction of test D7 are shown in graphical form.

The graphs presented are:
e Original data as recorded and transferred to the Smartscope

e Convergion of the probe voltage data to shock position data after
application of the basic data reduction constants

¢ Velocity determined after application of the data smoothing
operations to reduce the noise content
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e Comparison of the smoothed position-time data from the two protes e

e Stepwise slope (finite-difference differential shock velocity) of the
position-time data

o Cross-plots of the shock velocity versus shock position data.
Figure 6 shows the original voltage versus time data recorded from the two
probes of test D?. The initial large amplitude ringing noise shown on this record appeared

only after a replacement Physical Data recorder was put in service. It was not possible to
find and eliminate this noise source during the time frame of these experiments.
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FIGURE 6. EXAMPLE ORIGINAL DETONATION PROBE VOLTAGE—~TIME
DATA AFTER A MINOR SMOOTHING OPERATION. (TEST D7)
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. Fi 7 shows the probe voltage curves after conversion to position-time

gure
data. This step is described in detail in Appendix A. Briefly, the constant current value is
obtained from an auxiliary measurement of the voltage through a known resistance. With

the cusrrent known, changes in voltage can be related to changes in probe resiatance.
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Q FIGURE 7. EXAMPLE ORIGINAL VOLTAGE DATA CONVERTED TO
POSITION DATA BY APPLICATION OF CALIBRATION i
CONSTANTS AND RESISTANCE/UNIT LENGTH OF THE

PROBE RESISTANCE WIRE. (TEST D7)

Likewise, with the resistance change known, and the probe resistance per unit length
known, the shock position can be derived as shown. The deviation between the two curves
at long (200 mm) shock travel distances arises because the low pressure which exists in :

this region is unable to produce precision crushing and shorting of the detonation probes,
as it does in ragions of higher pressure (smaller travel distances).
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An example of reduction of noisy data by smoothed line construction is
shown in Figure 8. The basis for drawing the smooth line is as follows. In the initial time
region whore the data curve is dominated by a ringing-type noise, the smoothed line is
made up of a number of short straight line segments drawn through the average value of
the initial ringing signal period by period. Later, the data was smoothed on the basis of
engineering judgment as to the probable average position of the shock pressure front, with
the guideline that the actual shock front progress has momentum associated with it and
would be expected to follow a smooth line of progress. Of course, the munition itself is
not homogeneous along its length, but is made up of four M7 canisters stacked end to end.
Each M7 has 1.5-mm steel end closures, separated by a 1.0-mm thick plastic spacer.
These discontinuities occur at three places along the munition length, as shown in Table 2,
which also gives the total BZ-pyromix length. The detonation probe records frequently
stop changing with time before the full iength of the munition is reached. This means
that the shock pressure had dropped too low to continue crushing the detonation probe
tube.

-

SHOCK POSITION, MM
8

FIGURE 8. EXAMPLE SHOWING SMOOTHED LINE THROUGH THE
ORIGINAL POSITION—TIME DATA. (TEST D7, PROBE 1)

36

i
;

SO

o P S
—




Table 2. Locations of Discontinuities for Shock

§ Travel Along M138 Length

g Discontinuity From Shock Entrm]h ; mm"m"'m"‘_l»bn"a'
Inside Rear of
st Canister 95.3 89.2
Inside Front of
2nd Canister 101.0 9%.7
Inside Rear of .
2nd Canister 195.1 188.8
Inside Front of
3rd Canister 200.6 194.3

. Inside Rear of

3rd Canister 294.6 2838.3
Inside Front of
4th Canister 300.1 293.8
Inside Rear of
4th Canister 396.2 389.9

] Outside Rear of

i 4th Canister (End of

. BZ-Pyromix Con- .
tainers) 397.2 390.9

Note: The words “"rear" and “front" mean the ends encountered last and first
respectively by the shock wave.
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from test D7. The curves track very well together until near the 200 mm location. This
is after the shock velocity has decayed to the apparent sonic velocity in the material
indicating that the pressures are no longer high.

Figure 9 showa a comparison of the two smoothed location - time curves . )

S

4.0y

e}
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TIME, SECONDS ned

FIGURE 9. EXAMPLE COMPARISON OF THE TWO SMOOTHED
POSITION-TIME CURVES OBTAINED FROM THE SAME TEST
(TEST D7)

Figure 10 shows a velocity versus time record obtained by simply taking the
slope of the position time curve at 10-microsec intervals along its length, and plotting this
velocity as a comstaat over that time period. Figure 11 shows a final plot of shock
velocity versus shock position. This plot is cross plot of the position data from the upper
curve of Figure 10 and velocity data from the lower curve using time as a parameter.
From plots of this type, the determination of shock travel at velocities greater than 2.0
mm/niicrosec was made. The discontinuities near 200 and 300 mm travel are apparent on
these plots, coinciding with the ends of the M7 canisters.
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FIGURE 10. UPPER CURVE SMOOTHED POSITION—TIME DATA.
LOWER CURVE STEPWISE VELOCITY DATA FROM
UPPER CURVE (TEST D7 PROBE 1)
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FIGURE 11. CROSS PLOT SHOWING VELOCITY DECAY WITH DISTANCE

ALONG THE M138. (TEST D7 PROBE 1)
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4.3 Results

adeciiniy

From each final plot, the shock travel at a velocity greater than 2.0
: mm/microsec was measured and is tabulated in Table 3. Here, the limiting value of 2.0
E ' mm/microsec was chosen over the initially selected 2.3 mm/microsec value after
examination of the data which showed that the observed velocities generally fell beiow
this level. (Results using 2.0 mm/microsec versus 2.3 mm/microsec are conservative.)
: Occasionally, near the end of a record, velocities slightly over 2.0 mm/microsec were
FL - observed; this was attributed to the irregular performance of the probes at low pressure
1 levels. This conclusion is supported by the recovery in several tests of intact portions of
" munitions which came from the same regions where these late velocity excursions were
] observed. It should be noted that the shock travel at velocities greater than 2.0
ﬁ' mm/microsec for an simulated non detonable test item(?) was 130 mm, with a very similar
velocity decay curve. Improved data reduction techniques from those used in Reference 7
were used on the current data set* so that the difference between the current data and
: the simulated non-detonable item may be less than suggested by the numbers. In any
i event, the results obtained from the current tests on live BZ-pyromix were quite similar
to those obtained on the simulated non-detonable mockup item.

With respect to the munition remains after the test, about two-thirds of
the original munition remained intact, with no burning of the remaining BZ-pyromix-filled
canisters in the inerted and short-time inerted munitions tests. For the non-inerted
munitions, a vigorous reaction of most or all the BZ-pyromix occurred. Although the
entire munition was broken up, many large fragments with areas almost one-half that of a
single canister case remained, indicating that the pressures developed prior to canister
burst were not appreciably above the minimum pressure required to burst them, far below ;
the predicted detonation pressure. In the unheated non-inerted tests and preheated tests -
D11 and D12, all canisters were destroyed. In the other preheated tests, one distorted but
intact M7 canister remained, except in test D17 where two M7s remained intact. In test
D17 there also was evidence of unburned BZ-pyromix. The bursting of the M7 canister's
M138 sleeve and the added confinement tube in these tests due to the reaction of BZ-
pyromix was to be expected because the core hole (which normally vents the generated
gases and BZ aerosol) was securely plugged with epoxy resin cast in place.

Both the active instrumentation and the post-shot appearance of the
munition remains confirm that no sustained detonation occurred, nor does there appear to
be any evidence for a fading detonation as would occur with a material which would
support a sustained detonation in a sligktly larger charge diameter.

* The difference arises principally in the use of an additional calibration which eliminates
the effect of long term drift in the constant current. It was found after the tests of
Reference 7 that the current provided by the constant current supply slowly drifted up
with time between pre-calibration measurements and conduct of the test. This drift
went undetected in the initial non-agent tests.
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Tabie 3. Shock Travel at Velocity Greater Than 2.0 mm/microsec

Note:

w

Overall Avcuge

Average Standard

Within Deviation
Test Probe 1 Probe 2 Groups of Group
No. mm mm mm mm

”

Dl 100 -
D2 107 - 103.5 : 4.9
D3 116 -
D4 92 92 104 + 17.0
D5 98 116
Dé 115 125
D7 100 100 109 t 10.1
D9 - -
D10 120 130
DIl sg(a) 59(3)
Di2 108 -
D13 108 112
D14 102 110
D15 113 -
Dlé 109 106
D17 106 113 111.6 t 6.6

Not included in averages because of no contact between donor
charge and M 138 munition,

The total shock travel distance is 6.3 mm greater than the values
shown because the end of the active probe was 63 mm from the
lowar end of the munition.
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y Additional evidence regarding the reaction of the BZ-pyromix was obtained i

from the measurement of pressure inside the sphere following the detonability tests. An
example pressure measurement record is shown in Figure 12 for test D7. As demonstrated
in this example, all records showed an initial spike pressure which rapidly decayed to a
more slowly changing pressure, called the initial steady pressure. Ten of the 15 records
obtained showed a small increase to a maximum pressure in a small fraction of a second,
followed by a steady pressure decay to the last accurately measured pressure at 10
seconds after the test.
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FIGURE 12. EXAMPLE PRESSURE MEASUREMENT RECORD. (TEST D7)
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F Table 4 shows a tabulation of the measured pressures from the records as
b & identified in the example above. Examination of this data shows that the initial spike and
maximum pressures fall into three groups corresponding to the inerted, short-time

s inerted, and live munitions. The live munition group includes both the ambient and
& : preheated munitions mixed together. This grouping is shown graphically in Figure 13. The

§ separation of these initial and maximum pressures may be taken as an indication of the
§ fraction of the BZ-pyromix which reacted in the first few tenths of a second. Thus there
appears to be no significant difference in the amount of BZ-pyromix reacted during shock
wave passage (or detonation if it occurred) between the ambient temperature live
) munitions and the preheated live munitions.
- INITIAL SPIKE PRESSURE ;
LRI !
; g
o
! ,-
4 1:
> 0

\
\
\
\\
:

§
¥ ’0\- ) 7 0 % 100 110 120 1%
SHORY INERTED PREMEATED PRESSURE RISE, PSI
INERTED AMBIENT Live
Live

FIGURE 13. PRESSURE DISTRIBUTION HISTOGRAMS,
CLASS INTERVAL 2 PSI

During the decay of pressure in the first ten seconds, however, the ambient
temperature and preheated tests divide into two groups as shown in Figure 13. Signifi-
cantly less pressure decay occurs in the preheated group than in the ambient temperature
group. This shows that the reaction of the BZ-pyromix which remained after initial shock
wave passage in the preheated group was taking place faster during the first ten seconds
than in the unheated group, but by a gradual and progressive process, not a detonation.
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Initial Initial After
Sgilkee Steady Maximum 10 Sec
Pressure Pressure Pressure  Time Pressure
psi psi psi sec psi
88.2 69.2 70.9 .16 40.1
84.3 75.0 75.0 - 40.7
9%.5 20.0 80.0 - 48.8
101.5 90,9 90.9 - 48.5
118.0 198,5 108.5 - 64.2
113.8 107.8 111.6 - 67.4
116.1 108.8 110.0 A1 65.8
119.5 110.4 113.4 41 83.2
121.4 113.5 114.7 .13 79.4 3
122.8 112.2 114.5 .18 80.8 t
123.3 110.8 111.6 .13 77.8
125.4 108.4 109.1 .18 77.6
150.0 109.8 109.8 - 80.1
120.8 112.5 113.8 .07 78.0
115.6 109.8 111.0 .07 74.8
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44 Analysis of Results

The effacts of pre-treatment inerting, short-time inerting, ambient or
preheated condition on the shock travel distance at velocities greater than 2.0
mm/microsec was analysed by comparing the average run distances and standard
deviations between groups with different pre-treatments as shown in the two right hand
columns of Table 3. The standard deviations of groups generally overlap the means of
other groups. It appears that there is no significent difference in shock travel distance

between different pre-treatments.

The effect of lot burn time on the shock travel distance at velocities
greater than 2.0 mm/microsec observed was analyred. Again no significant correlation

was found.

The effect of pre-treatment on the pressures developed within the sphere
and the subsequent pressure decay has been presented in Figure 13. Analysis for
additional correlation of the pressure parameters shown in Table 4 with the measured burn
times for each lot showed no correlation between burn time and any of the iadividual

pressure parameters.

.g
§
;
3
i
{
i
1




o o)
5. CONCLUSIONS e

Based on the results obtained during these tests and their analysis, the
following conclusions are drawn:

R Cob R e e S

1. The BZ-pyromix contained in the M138 bomblet configuration is non-
detonable.

2. The observed shock wave decey in the munitions from the C-4 donor
charge weas not affected by pra-treatment inerting by immersion in a
water/wetting agent solution, nor by preheating to 80 C.

3. The observed shock wave decay agreed, within experimental error,
with the observed shock wave decay in a previous teat of an inert
mockup munition.

4. No significant correlation exists between a tendency to react during
passage of a high pressure shock wave and munition burn time.
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RESISTANCE PROBE DATA REDUCTION
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APPENDIX A
Resistance Probe Data Reduction

The resistance probe circuit is shown in Figure B-1. It consists of the
detonation probe supply circuit connected to the detonation probe and to the recording
device. The constant current supply makes the output voltage to the recording device
proportional to the resistance to ground. In operation, the switch is turned first to
"operate" and the output current is adjusted to make the output voltage near the upper
limit of the recording scale being used on the recording device to provide optimum
resolution of recording. Once the current is adjusted, it is not further changed
intentionally. However, in practice the current from the supply remained constant
over short time periods, but drifted slowly upwards over longer time periods, such as
the time between calibration measurements and shot time. To compsnsate for this
drift, calibration measurements made before the test were adjusted at the time of the
experiments with the aid of the pre-detonation baseline voltage measured from the
actual detonation probe dynamic voltage record.

Three initial calibration voltage measurements were made at the recording

device:

Vo 1 obtained with the switch in the "operate" position,

Vcal 1 obtained with the switch in the "120 ohm cal" position,
and

\I81 obtained with the switch in the "short" position.

These three measurements were made over a short time period to insure against
current drift in the constant current supply. The measurement of V ol Was repeated
after measurement of vgl‘ No change in V , assured that the initial measuring
current I, had indeed remained constant. From Ohms' Law we wrote

v = xla (1)

ol p

Veaar1 = 1) Rgy +Ryy) ()

R (3)

v ll W

gl
where

R

p is the total resistance in the probe circuit
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A-3
Ryw = resistance of the switch contacts and dlréctly assoclated
circuitry
R cal * resistance of precision resistance = 120 Q

By subtracting (3) from (2) the unknown switch contact resistance was eliminated, or
at least errors from this source reduced, and an expression for the initial measuring
current was obtained:

After the shot was fired (switch in operate position), a measurement of the initial,
predetonation baseline voitage, say \Ia2 yielded:
where l2 = the measuring current at shot time

This expression for Rp was equated to the value of Rp from equation (1) yielding:

1T Ve ©)
) Vo2
Finally the value of the total probe resistance is given by
Rp = Rld + rp (L - x) (7)
where
Rld is the resistance of the connecting lead wires to the probe
r,. is the specific resistance of the probe wire (in the present case
Fp = 0.2892 Q/mm or 38.15 Q/ft).
L is the total length of the probe resistance wire
and

x is the length of probe resistance shorted out by crushing of the
surrounding tube by the shock wave pressure. This is taken as the shock
wave position which is the value to be determined.

At shot time, V,, from (5) and (7) is given by:

o
and Vs the dynamic value of the signal voltage during the shot is given by

v 2 = 12 (Rid + rpl.) (8)

Vg = LRy er, (LX) (9)
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By subtracting V, () from Vo2 (8) the unknown probe lead resistance R;q and the probe
total length were eliminated. The resultant expression solved for x:

X = (V°2 - Vs)/lzl‘p. v (lo)
The value for I, was found from equations (6) and (4) and substituted into (10) to yield

the final expression for x in terms of known constants or measured quantities:

x = Rgﬂ vo_l_ Vo2~ Vg (11)

o Vo2 (Vear 1~ Vg1
In practice, evaluation of (11) merely meant subtracting the time varying signal Vg

from the constant Vo2 and multiplying the difference by the experimentally derived
constant for each experimentof R .| Vé l/rpvo2 (vcal 1~ v8 1 (12)

The indicated operations were carried out by the signal processing capability of the
Smartscope.
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ABSTRACT
. Based upon laboratory test results, the West German representative to
! the UN Committee on the Transportation of Dangerous Goods has recommended
» that Ammonium Perchlorate(AP) of all particle sizes be classified as a

Class 1.1 explosive. If this recommendation is adopted it will have a
drastic effect on the transportation of ammonium perchlorate with commer-
cial concerns and military agencies. Under current regulations, only AP
with a particle size less than 45 microns is considered Class 1.1 (the
latest DARCOM regulation specifies 15 microns or less). Above 45 microns,
AP 18 classified as a 5.1 oxidizer. In order to resolve this difference,

a plan for conducting UN Test Series 6 for packaged AP, 200 micron size in
30 gallon, 250 1b steel drums was developed in cooperation with the JANNAF
Interagency Propulsion Committee and DARCOM Safety Office. This paper dis-
cusses the test plan, testing, results and recommendations.
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INTRODUCTION

Ammonium perchlorate (AP) is an oxidizer ingredient used in the manu-
facture of composite solid propellants. Under current UN regulation sm-
monium perchlorate with a particle size less than 45 microns is considered
a Class 1.1 éxplosive (latest DARCOM reg specifies 15 microns or less).
Above U5 microns, it is classified as a 5.1 oxidizer. The hazards clas- P
sification of ammonium perchlorate UN No. 1442 (AP oxidizer) has recently
been questioned by the UN Committee of Experts on the Transport of Danger-
ous Goods. If classified as a 1.1 explosive, it will have a drastic effect
on shipping with commercial concerns and militery agencies. To resolve
this conflict, a series of tests was conducted in March 1982 in accordance
with INTEREG, Transportation of Dangerous Goods, 1981 edition. These
tests were managed by the Energetic Systems Process Division, Large Caliber
Weapon Systems Lab, ARRADCOM and conducted at NASA National Space Technol-
ogy Laboratories under the direction of the ARRADCOM Resident Operaticns
Office (AROO). This paper summarizes the test plan, tests, results and
recommendations. A more detailed account may be obtained from ARRADCOM
Regort No. ARLCD-CR-82026, "Hazards Testing of Ammonium Perchlorate," May
19862.

TEST MATERIAL

Ammonium perchlorate, nominal 200 micron size, manufactured by Kerr-
McGee Chemical Corporation, was provided for testing. The package is a
113.6 1 (30 gal) DOT 3TA-350 20-gage steel drum with a bolted ring clo-
sure. The dimensions of the drum are O.Tim high by 0.49m diameter with
0.8mm thick walls. (Note: This is a heavier gage (20 vs 24) drum than
required for U.S. shipment of this material. The material was packed in-
side the drum in two conductive polyethylene bags with approximately 4.5 kg
(10 1b) of dessicant placed atop the ammonium perchlorate inside the inner
beg. Oross weight of the drum and contents averaged 119.5 kg (264 1b).

The test plan called for sample analysis to verify particle size
digtribution and moisture content of each drum, Particle size distribution
was determined in accordance with MIL-STD-2%6B and ASTM 300. Two samples
from each drum were removed from the center by a standard core sampler.

The 50 g sample was weighed and placed on a U.S. standard number 50 sieve. P
Number 80, 100, 120, 140, 200, 325 sieves and a catch pan were placed be-

neath. All sieves were inserted into a Tyler Model RX-21 portable sieve

shaker for five minutes. The amount of material remaining on each sieve

was weighed. After particle size analysis, the individual samples were

recombined, weighed, then placed in a vacuum oven at 75°C (167°F) tempera-

ture for two hours at 29 inches vacuum. Each sample was reweighed and the

weight loss recorded as the moisture content, which was specified as

0.007 percent.
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TESTS

The tests required by INTEREG, Transportation of Dangerous Goods,
1981, for determining the hazards classification (Class 1.1, 1.2, 1.3, 1.h)
are:

1. Test Series 6a: Three single package tests

2. Test Series 6b: Three stack tests (5 packages minimum)
3. Test Series 6c: One external fire test (5 packages minimum)

Single Package Test

The purpose of this test is to determine whether initiation or igni-
tion in the package causes burning or explosion and whether burning or
explosion propagates within the package; also, how the surroundings are af-
fected.

Two series of single package tests were conducted three times each.
For both, a drum of ammonium perchlorate was placed on a steel witness
plate 0.81m X 0.81m X 12.7mm thick (2.67 £t X 2.67 £t X 0.5 in) at ground
level. A Chromed/Alumel thermocouple was positioned inside the drum 25.4mm
(1 in) above the ignition/initiation source. An additional thermocouple
was fixed to the outside of the drum near the center. The drum was
confined by 1m (3.28 ft) of sandbags in all directions to provide confine-
ment as specified in the INTEREG. For the first series of 6a single
package tests, an 894 squib with 56.7g (2 oz) of FFF “lack powder was
placed in the center of the material as the ignition ,ource. A typical
test setup is shown in figure 1. The second series of 6a single package
tests were conducted using a No. 8 blasting cap as an initiation source in
place of the S94 squib and black powder ignition source.

An additional test, not specified in the INTEREG procedures, was con-
ducted on an unconfined drum igniteid by an S94 squib and 56.Tg (2 oz) of
black powder, )

Stack Test

The purpose of this test is to determine whether and n what way burn-
ing or explosion in the stack propagates from one package to another and
how the surroundings are endangered in this event.

It was planned to conduct the stuck tests (6b) as shown in figure 2.
Five drums would be placed on ground level with a witness plate under the
donor drum which would be ignited by an 5894 squib and 56.7g (2 oz) of
black powder. Sandbags were to be placed around the entire stack lm
(3.28 f£+) thick. Thermocouples would be placed in the donor drum as in the

single package tests.

However, since there was no explosive reaction in the 6a single §
package tests, the series 6b stack tests were deleted per paragraph 4.5.5 ;
of the INTEREG.
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External Fire Tesgt

The objective of this test series is to determine how the packages in
the stack tehave when involved in an external fire and whether and in what
waey the surroundings are endang=red by blast weves, heat radiation, and/or
fragmeni projection.

One test was conducted as required. Five drums, each containing 113.4
kg (250 1b) of ammonium perchlorate, were placed on a steel crib lm (3.28
ft) above the ground surface as shown in figure 3. They were banded to-
gether with two steel bands to maintain drum contact during the test. Air
dried lumber, 50.8mm by 101.6mm X 1.5m (2 in by 4 in by 59 in) was placed
beneath the crid in a lattice with a lateral separation of 101.6mm (4 in).
The eutire crib was surrounded by the game size lumber to a minimum thick-
ness of 508mm (20 in). The entire mass was drenched with 53 1 (14 gal) or
diesel fuel/gasoline mixture (9/1 ratio) and ignited rcmotely by two
electric matches each with 56.Tg (2 oz) of FFF black powder 180° apart at
the base.

INSTRUMANTATION

The test setup and instrumentation are shown in figure 4. Instrumenta-
tion consisted cf: pressure traasducers, thermocouples, heat flux gages,
motion picture cameras, fiducial markers, and fragment assessor panels
for the external fire test only.

Pressure transducers in a 90° array were used to measure potential in-
cident overpressure resulting from an explosion or partial explosion.
Twelve ere use? for the single package tests from 1.19 to 17.85 m/kgl/3
(3 to 45 £t/1p1/2) and eight for the external fire tzst from 1.98 +o 17.85
m/kgl/3 (5 to 45 £t/1b1/3), ,

Temperature measurements in the test material using 22 gage Chromel/
Alumel thermocouples were obtained “or the single ;ackage tests only. One
thermocouple was attached to the outside center of the drum and the other
was in the center 25.4rm (1 in) above the ignitor/initiator.

Thermal radiation Jata establish the intensity,duration, and spatial
characteristics as fuactions of material, size of combustion zone and burn-
ing rate to determine the distance at which a value of 0.3 calorieg per
square centimeter per second from the material is obtailned.

Motion piecture coverage consisted of three cameras operating at 50C
frames per second (fps) and one at 24 fps. Locations of the camera are
gshown in figure 4. A video recorder was also used to tape the events.
Color stiil photographs were taken before and after each test showing typ-
ical setup and post-test results. Standard meteorological data were
recorded for each test.
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Fragment assessor panels (fiberboard) banded to make a pack 3.66mm X
1,22m X 2.44m high (12 £t X 4 £t X 8 It high) as shown in figure 3 were
placed as shown in figure 5. The purpose of these 1s to make an assessment
of the number of projections emanating from the material in the event of an
explosion. This was done only for the external fire test as required by
the INTEREG.

RESULTS

Data Analysis

Data analysis for end-item stores is based upon the 'in/No-Go" results
of the prescribed tests as outlined in the INTEREG, Chapter 4 and TB700-2,
Department of Defense Explosives Hazard Classification Procedure.

The flowchart for interpretation of test series 6 is shown in figure 6.
Discussion

" Particle size analyses were in general agreement with the specified
data. Any differences may be attributable to transportation or material
handling where additional shearing or grinding occurred. The sampling
technique may also account for the minor differences. Molsture analyses
were somewhat different from the specified data. The differences are
attributable to sampling techniques as well as the humidity difference
between the test site (high relative humidity) and the processing
location.

A total of six type 6a, single package tests were conducted with a
minimum of 1m (3,28 fz? of sardbag confinement. In the first three tests
an ignition source (854 squid and black powder) was used, while in the
second thre~ tests an initiation source (No. 8 blasting cap) was used.
Figures T and 8 show the typical test setup. Figure 7 shows the drum
before totally confined with sandbags. Figure 8 shows total confinement
before ignition/initiation. The results of all six tests were similar.

Upon ignition/initiation, white smoke was visible within five seconds; a
red/orange smoke was visible near the 1id of the drum after one minute.
Within 18 to 20 minutes there was an increase of red/orange smoke lasting 30
to 45 seconds. The average total thermal decomposition time for each drum
was 27 minutes.

There were no overpressures detected in any of the single package tests.
There was no fragmentation from the drums, Heat flux values were several
orders of megnitude leas than the 0.3 cal/(cm@s) at or beyond 30.48m (100
ft) radius “1at is being considered for Division 1.4 material by the UN
Cemmitice o7 Sxperts on the Transportation of Dangerous Goods. figures 9 and
i0 show typical post-tc.. results for the confined single package tests,

The drum was discolored from the heat btut was not ruptured, split, fragment-
ed or even significantly deformed. There was no deformation of the witness

plate.
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Results of the single package test without confinement (figure il)
were different from the previous tests. The 1id of the drum relieved.
None of the ammonium perchlorate ignited. Some materiel was spilled on the
ground as the result of ignition.

A summary of all single package tests is contained in Table 1.

The external fire test configuration with all lumber in place is shown
in figure 12. Following ignition of the lumber and visual observation of
a sustained fire, the lids of individual drums began to relieve starting at
42 seconds for the first drum following ignition to 84 seconds for the
fifth. The ammonium perchlorate burned for 5 minutes when the majority of
the material had been consumed. The reaction was more intense for a 30
second period during the 5 minutes. The wood fire burned substantially
longer than the 30 minutes required by the test procedures. There was no
explosion, no rupture, spiitting, or fragmenting of the drums, and the fire
effects were minimal. The post-test result is shown in figure 13. Table
2 summarizes the external fire test.

CONCLUSIONS

Based upon test results of the single package and external fire tests
and interpretation of results as outlined in figure 6 (figure 4.3 of the
INTEREG) and paragraph 6.5 of the Dod Explosives Hazard Classification
Procedure, TBT00-2, there are no indications that ammonium perchlorate with
nominal particle size of 200 microns exhibited explosive behavior.
Specifically:

1. There was no explosion, no overpressure detected, no rupture,
splitting, or fragmenting of the drums, and no radiant heat hazard, during
the 6a, single package tests.

2. There was no mass detonation, no fragmentation, no mass fire
effect, and little or no damage to the shipping drums as a result of the
6c, external fire test.

3. Ammonium perchlorate did not react when primed by a S9% squib and
56.7Tg (2 oz) of FFF black powder without confinement.

4, There was no explosive hazard exhibited during any of the tests
performed as required by the INTEREG.
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500 fps

Fiducial Markers
(20 ft spacing)

0000000

Pressure Transducer (typ)
in 90° array

Heat Flux Gage (typ
in 90° array

LEGEND:

@ rTest Material

® Pressure Transducer

® Heat Flux Gage (50 and 100 £+t)
A Motion Picture Camera
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Figure 4. Typical Instrumentation Setup
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END ITEM TESTS
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oF YES /DIVISION 1.}
DoT CLASS A

NOMASS v
DETONATION BUT

DIVISION 1.2

FRAGMENTATION HAZARDS . DoT CLASS A

DIVISION 133
(DoT CLASS B

K §
N NO DIVISION 1 4 :
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é
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Figure 6. Interpretation of Test Results
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Figure 7. Single Package Setup Before Confinement

Figure 8., Single Package Setup with Total Confinement
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Figure 9. Typical Single Package Results Showing Burned Sandbags

Figure 10. Typical Single Package Results Showing Drum
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Figure 13,
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External Fire Test Setup

External Fire Test Results
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Ignition/initiacion

Material mathod Confinemsnt Rasults
113.4 kg Ammonium 894 squib and 36.7 g 1 = {3.28 fv) No explosion, drus body
perchlovate in stesl drums black powdet Sand bage intsct, no eaxplosive hazard
113.4 kg Ammonium 894 aquib and 56.7 g 1 m(3.28 f¢) No explosfon, drum body
perchlorate in steel druas black powder Sand bags intact, oo explosive hasard
113.4 kg Asmonium §94 squib and 56.7 g 1= (3,28 fe) No explosion, dtum body
parchlorate in steel drums black powder Saud bags intact, no explosive hasard
113.4 kg Assonium Number 8 blasting cap 1 m (3.28 ft) No explosion, drum body
perchlorate in stes) drums Sand bags intact, no axplosive hazsrd
113.4 kg Amsonium Number 8 blasting cap 1m(3.28 £t) No explosion, drum body
perchlovate in stesl drums Sand bagse intact, uo explosive hazard
113.4 kg Amsonium Number 8 blesting cap 1w (3.28 tt) No explosion, drum body
perchlorate in stesl drums Sand bags intact, no explosive hazard
113.4 kg Asmonium 894 squidb and 56.7 g None No iguition of materisl, lid
perchlorate in steel drums black powder relieved, no fragmentation, no

explosive hazerd

Table 1. Single Package Test Results

Ignition

M i hod Confinement Result

aterial metho onfinem esults
5 each 113.4 kg 2 each electric No explosion, drum
ammonium perchlorate| matches with Steel banded | body intact, no
in steel drums 56.7 g black pow- explosive hazard
567 kg (125¢ 1b) der 180° apart at
total weight base of steel crib

Table 2. External Fire Test Results

’
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CLASSIFICATION AND IN-PROCESS CLASSIVICATION TESTING -
WHERE DO WE GO FROM HERE?

by

F. L. McINTYRE
COMPUTER SCJENCES CORPORATION
NASA NATIONAL SPACE TECHNOLOGY LABZORATORIES
NSTL STATION, MS 39529

ABSTRACT

#P000429

In 1974, an agreement was reached between DcD and NATO i¢ standardiz:
Hazards Classification Proc:dures and adopt the UN Classification System.
Implementation by D was scheduled for 1976. Actual adoption occurred in
1978; however, TB700-2 was not releasad until March 1982.

'Basically this procedure does not change the existing Bulk Interim Qualifi- a
cation Tests which still include: Card Gap; Detonation; Ignition and Unconfined
Burning; Impact and Thermal Stability Tesis. End-item classification testing
changes significantly and includes: Single Package, Stack Test and External
Fire Stack Test. Additionsl constraints on End-item Munition Testing Require
Heat Flux and Firebrand Data for 1.3 and 1.4 materials and TNT Equivalency
and Fragmentation Assessment for 1.1 and 1.2 class munitions.

This new procedure was instantly cpen to criticism. Card Gap and Impact
Sensitivity tests are too severe for most materials, particularly small arms pro-
pellants and pyrotechnics. The Ignition and Unconfined Burning Test is not
applicable to pyrotechnics, End-item tests are rore costly in terms of the
amount of munitions required as well us instrumentation requirements (Heat
Flux and TNT Equivalency). Finally in-process classification was excluded.

I hope to briefly discu; the new Hazards Classification -Procedures, the
need for In-process Classification, and Pyrotechnic Test Procedures proposed
by the Pyrotcchnic Committee at th» “econd International Conference on Stan-
dardization of Safety and Performance Tests for Energetic Materials. It is
impossible to cover all in great detail - rather, my intentjon is to provoke
thought and, possibly, some action.
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INTRODUCTION

An end-item has been produced for severa! years and aithough a different
type of liner was subatituted for the existing one, there was no change in the
formulation. In anqther instance the granulation size of the oxidizer was
changed; the binder of another formulation was changed; the fuel/oxidizer
ratio of a given mixture was changed by two percent, and finally, there was
an improvement in packaging technique for a particular end-item.

All of the above scenarios have one thing in common. These seemingly
subtle changes constitute a new or improved end-item that requires reclassifi-
cation for transportetion and storage. The classificaticn testing would be per-
formed in sccordance with the DoD Explosives Hazard Claseification Procedure
TB700-2, March 1581¢1,

However, none of the above scenarios or gross changes of any kind
would affect classification during the manufacturing process. Manufacturing
processes are exempt from classification unless the muterials are transported
by public conveyance. Generally, during manufacturing, all bulk mixtures
are consider-* ¢~ 1.1 explosivz3 unti’ the mixture is consolidated into an end-
item. At suc~ ..uo. . e classitication for *hat rarticular end-item would
prevail.

BACKGROUND

Classification of hazardous materials is the systematic arrangement of
such materials into groups or categories according to established safety cri-
teria. This is accomplished by subjecting the specimen to standardized initia-
ting influences (Figure 1). The output reactions being observed as eiiher
mass detonation or a fire hazard are then used to determine into which classi-
fication the specimen will be categorized in order that it may be transpoited
and/or stored within acceptable safety limits.

Since 1987, the prescribed authority for determining hazards classification
of explosives (pyrotechnics are defined as explosives), propellants, and end-
items wae the U.S. Army Technical Bulletin 700-2, NAVORDINST 8020.3
TO 11A-1—47( 2). The prescribed initiating influences for bulk materials were
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limited to the selected tests such as Card Gap, Detonation, Ignition and Un-
confined Burning, Impact Sensitivity, and Thermal Stability Tests. The ini-
tiating influences for end-items were limited to Detonation Test "A", Detonation
Test "B", and External Heat Test "C".

In 1974, an agreement was reached between DoD Components and NATO.
A new document was to be written and published as early as 1976 that would
incorporate the United Nations Classification System and incorporate similar
tests as outlined in the Transport of Dangerous Goods NATO INTEREG ST/SG/
vAC.lO/ll(a). The final version of this document, The DoD Explosives Hazard
Classification Procedures, was published March 1982(1,

During this period, a significant amount of research and testing was
devoted to developing In-process Hazards Classification Procedures. A NATO
Committee was established to standardize test procedures. ARRADCOM, under
the auspices of Single Service Management for the Manufacture of Munitions,
proposed in-process ciassification to reduce the number of incident/accidents
associated with manufacturing. In 1980, a safety committee also established
the need for In-process Hazards Classification and Identification. These con-
cepts and studies have met considerable resistance and basically have remained
ignored since their inception.

DISCUSSION

Changes in the new DoD Explosives Hazard Classification Procedures deal
with terminology, adaptation of the UN Classification S8ystem and new End-item
Classification requirements. There is a distinction between bulk and end-item
clessification; bulk material testing is referred to as interim qualification and
end-item testing as classification. Figure 2 shows the interpretation for in-
terim qualification. Other significant changes deal primar’, wit: ~n< ftom
testing.

End-item testing has changed significantly. Three types of tests are
conducted: Single Package Test; Stack Test; and External Fire Stack Test.
The number of tests per configuration have been reduced from five to three
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for the Single Package and Stack Test versus five each tests for the Detona-
tion Tests "A" and "B" configurations. However, the Stack Test now re-
quires five items versus two for the Detonation "B" test. Five items are also
required for the External Fire Stack Test versus two to six for the External
Heat Test "C". Another major change for pyrotechnic end-items now requires
confinement ranging from a minimum of 0.5 m (1.84 ft) to a maximum of 1 m
(3.28 ft) dependent upon the size of the external packages.

Other changes require that radiant flux, firebrand, and fragment density
be reported for division 1.3 and 1.4 materials. TNT equivalency and fragmen-
tation assessments are required for divisions 1.1 and 1.2 materials. Interpre-
tation of the end-item results is shown in Figure 3.

Criticisms came from several areas. End-item tests were costly, as in-
strumentation for heat flux and TNT equivalency is expensive. Fragmentation
assessment was costly and time-consuming. Confinemert (up tc 1 m (3.28 ft))
was too severe. Bulk Interim Qualification tests remained unchanged. These
tests were either too severe for small arms propellents and 'pyrotechnics, or
they did not apply. Other participants were concerned that their proposed
tests had not been included. As a result In-process Classification was stiil
excluded.

Such criticisms are unwarranted, as the critics fail to grasp the intent of
the classification procedures. TB700-2 is used to determine the =ffects of
accidentul initiation and to set parameters to protect property and personnel.
This is accomplished by conducting a limited number of tests represeniing
"worst case" situations; then reporting the results, at the same time pro-
viding for an acceptable safety margin. It is not intended that these tests
replace parametric, stability, sensitivity and performance (output) tests which
are obtained separately, or in conjunction with, and included in component data
safety statements. The component data safety statements and hazards classifi-
cation results can ultimately be conbined to represent the hazards associated
with handling, transporting, storage and use of a particular item. “The
existing classification procedure meets this objective. Based upon a survey
of incident /accidents( Y , there is no known incident/accident attributed to
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the item's being categorized in the wrong division. The opposite is true
when classification is assigned by analogy without testing to support the
assigned hagzards division.

The same incident/accident analysis also indicated that the majority of
all incidents were associated with manufacturing. This is understandable be-
cause the manufacturing process is in a constant state of change and the
amount of data available concerning in-process hazards are not readily
avaiiable, The next logical step in the classification process would then be
to screen or classify the materials during various stages of manufacturing.
Potential problems would be identified and prevented. An initial attempt at
in-process classification was developed by Pape and Napadensky( 5) whose
efforts concentrated on propeliants and explosives. The stud:y" was based upon
several factors including: Historical Accident Survey; Engineering Analysis;
Survey of Existing Test Methods; Definition of the Classification Procedure
Structure; Selection of Candidate Tests; and Validation and Finalization of
the Proposed Tests Procedures. Their scheme is illustrated in Figure 4.
The potential of the study represents a quantum step forward in reducing
potentia! mishaps during the manufacturing process.

In 1977 and 1979, the International Conference on the Standardization of
Sefety and Performance Tests for Energetic Materials (6,1
international agreemants, strove to develop a document on the principles and
methodology for the acceptability of energetic materials for military use.

Thia manual makes possible the international and interservice acceptance of
qualification data obtained by individual services and industrial laboratories.
Thne Pyrotechnics Subcommittee established at the second conference N re-
commended a series of tests applicable to pyrotechnic (Table 1) including
mandatory and prescribed tests. The submissions were accepted without
prejudice with the only stipulation being that sufficient information to under-
stand and duplicate the test results be submitted. It was also noted that
additional changes could be submitted when better procedures were developed.
The mandatory test methods submitted included: Hygroscopicity, Heat of
Combustion, TNT Equivalency, Duat Explosion, Linear Burn Rate and Pressure
Time, all of which have standard procedures, Additional mandatory tests

» through sevaral
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which do not have a standard developed procedure include: Ignitibility
Burning Rate (Flares), Candle Power, Efficiency, IR Calibration, Chroma-
ticity, High Pressure, Heat Flux and Chemiluminescence. In the case of an
illuminant output measurement it was feit that no standard test could be de-
veloped until the instrumentation could be standardized. None of these pro-
posed tests were considered for incorporation to the TB700-2 or ST/SG/AC.10/
1/Rev 1 NATO Transport of Dangerous Goods (3).

The cursory synopsis of changes in test methods during the past
decade will have a significant impact on the pyrotechnic community. Generally
pyrotechnics are grouped under the broad term of "explcsives." Classifica-
tion tests are now more rigorous due to confinement and the slightest change
in the formulation of a given mixture would require reclassification. The
accomplishments of Pape and Napadinsky's study on in-process classification
and the efforts of the pyrotechnic subcommittee at the Second International
Conference of the Standardization of Safety and Performance Tests for Ener-
getic Materiuls are basically unknown. Probably the most serious result of
this is the fact that the formaticn of the International Pyrotechnic Society is
still a well kept secret.

It is imperative that we in pyrotechnics adopt some positive action to
bring our plight to the forefront. Such steps are beginning to surface.
McDonald, Robinson and Johnson (8 have proposed in-process classification
for pyrotechnics. They have also proposed an in-process hazards identifica-
tion scheme. The identification scheme has considerable merit. Logically, it
follows that we should consider in-process classification as a means of reducing
incidents during manufacturing. This can only be accomplished when a united
group clamor for changes. In discussing in-process classification with various
DoD safety components, all indicate a need for it, but each is waiting for
someone else to take the initiative. In-process classification would be welcomed
when and if such techniques were validated. The initiative is ours.

If we are to have any input into the Allied Ordinance Publication (9 con-
cerning pyrotechnic performance testing, we should take advantage of the
test methods proposed by the subcommittee at the Second Standardization Con-
ference (N or substitute updated more germane test methods. A possible
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[" update could indiente' friction testing using the Rotary Friction Device Stan- !
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. dardized by Naval Weapons Support Center. Another area would be to vali-
date the 20 liter and 1 m3 dust chambers and substitute these procedures for

the Hartmann Test. Possibilities are limitless.

3.

#5,
LS

5.

6.

CONCLUSIONS

We have a new updated DoD Explosives Hazard Classification
Procedure that we must take the time to understand and use
as it was intended. It will stand the test of time.

In-process classification is feasible and some form of in-process
classification should be validated.

In-process classification techniques demonstrate the potential
to reduce manufacturing incidents.

Through international agreements it is possible to use, validate,
or submit standaerdized test methods applicalbe to the pyreotech-
nic community that allow for international and interservice accep-

tance.

Cognizant DoD safety representatives understand the need for
in-process classification but they are waiting for others to take
the initiative.

The initiative Is ours.
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Table 1. Proposed Pyrotechnic Standardized Test Methods
Test Typical
Requirement Status Test Method
Hygroscopicity Mandatory U.K. MOAD
All Mixtures Method 303 US EA4DO1 Final Report
Heat of Combustion Mandatory MIL-STD-268-B
All Mixtures UK /Performance/Pyrotechnics- 2
TNT Equivalency Mandatory TB700-2
All Mixtures UK To Be Written Up
Ignitability Mandatory Radiation Pulse Test

All Mixtures

UK Bickford Fuze Test

Dust Explosion

Mandatory Mixtures
and Conatituents

Harmann, 1 m3 Dr Passman, Holland
20 liter Dr Passman, Holland

Linear Burn Rate

Mandatory,
Delaye Only

UK /Pyrmotechnic Performance/1
ARRADCOM Procedure, NSWC
US Navy Procedure

Burning Rate

Mandatory ., Lined
Candle & Bare Grain

No Standard Test Method Submitted

Candle Power

Mandatory, Photoflash

UK Performance/Pyrotechnic/4

(CANDELA) and Illuminants
Efficiency Mandatory, Photoflash UK Performance/Pyrotechnic/4
(Cendle/Sec-kg) and Illuminants
Chromaticity Mandatory, Colored No Standard Test Method Submitied
Flares
Chemiluminescence Mandatory No Standard Test Method Submitted
INluminants
IR Calibration Mandatory UK Performance/Pyrotechnics/§
IR Items
KTA-8 Mandatory for Smoke
Pressure/Time Mandatery for D. Dillehay 56th IPS
Explosion Charges
Spin Mandatory Valcartier, Canada Test Method
(TRACER) Frankford Arsenal Spin Test USA
High Pressure Mandatory Gun Breech Simulator UK
Vessel (TRACER) Valcartier, Canada Test Method
Heat Flux Desirable for TB 700-2
Incendiaries
Bullet Impact Desirable Method 107 US EA4DO0O1 Final Report
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End item tests
single package, stack test, fire stack test

Mass
detonation
from any test YES

A Detonation sensitivity > 70 cards

DoT Class A

paragraph

NO

No mass

detonation major YES

DoD Division
1.1

DoT Class A

hazard fragment
projection

NO

lain
gffect fire or
mass fire, radiant YES

DoD Division
1.2

A Detonation sensitivity < 70 cards

DoT Class B

eat, some fragmen
projection

NO

Bxp losive

AN

DoD Division
1.3

firebrand, heat
flux less than
.3 cal.-

cm
NO

No
severe effects
of explosions or
fire

NO

No
effect external
to package

DoT Class C
YES DoD Division
1.4

NO

DoD Division

@ Card gap test results paragraph §-2-({)

Figure 3.

1.45

k]
£
;
3
H

Interpretation of results for end item classification tests
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Blast Parameters from Cylindrical Charges Detonated
on the Surface of the Ground

&
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&N e
Gy Guerke, G. Scheklinski-Glueck ‘J*/J’
Ernst-Mach-Institut, Freiburg N

Germany éé/

Q‘ ya
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Abstract
’

Tables and diagrams of sq;{ed side-on blast parameters
are available for time of sggék front arrival, primary
shock front overpressure, 9ﬁerpressure impulse and positive
duration for cylindrical/RDx explosives having length to
diameter ratios of 1 aqﬂ's. Charges were placed in a vertical,
a horizontal and a 60° inclined position to the surface of
the ground. Initiation point was at one end. Blast parameters
were measured along 9 blast lines at scaled standoffs from

05 t0 32 mkg” !/ vt VP /Mu%.«‘»-

(o AN
. Introduction ( //T\

1

2. Experimental Program

3. Scaling Law

4. Shock Front Contour

5. Blast Parameters as a Function of Azimuth Angle .
6. Blast Parameters versus Scaled Distance

7. References
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1. Introduction

The objective of this report is to present a com- Q,)
pilation of blast data from a series of small scale HE
tests with cylindrical charges detonated at the surface of
the ground. In a literature search we found just one in-
vestigation concerning blast data of cylindrical charges
fired on the ground surface (Ref. 1, 1975). In agree-
ment with a recent manual for the prediction of blast
loadings on structures (Ref. 3, 1980) we decided, that
the existing data for explosions of elongated charges on
the ground surface are not extensive enough to develop
prediction curves and equations, and are not adequate to
check scaling laws. Hence an experimental program was de-
signed to gather more data on the blast from cylindrical
charges fired on the surface of the ground oriented with
the axis parallel, oblique and normal to the surface.

2. Experimental Program .

The experimental program is delineated in Table 1.
Cylindrical charges having length to diameter ratios of
1 and 5 were selected. Rounds were fired for each geometry
with the charée in vertical position and with the initiation
from the top (No. 4 in Table 1). In the next group, charges
were placed in a horizontal position on the ground and .
detonated from one end (No. 1 in Table 1). Figure 2.1 %
shows a top plan of the cylindrical charge with the initiat- '
ion point at the end in line with the O degree line. /
Keeping the charge fixed and moving clockwise we have the
instrument line at 9 different azimuth angles H at O,
22.5, 45, 67.5, 90, 112.5, 135, 157.5, 180 degrees to the

88 { i
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N Table 1 Test Plan

A three-number code ig used to characterize the test
arrangement. Initiation point is at H = O. The code:
L/D ratio - Azimuth Angle H - Angle of Inclination V

B B e

1. Horizontal Cylindexs (Angle of Inclination V = 0)

5~- 0 -0 1- 0 -0
5 - 22,5~0 1~ 45 -~ O !
; 5 - 45 -0 1- 90 -0
‘ 5~ 67,5 -0 1 - 112,5- 0 :
b - 5- 9 -0 1 -135 -0
© g 5 - 112,5 - 0
o 5 - 135 -0
oy 5 -157,5 = 0
5] 5 - 180 =~ 0
2. 45 Degrees In~lined Cylinders
5- 0 =45 1 - 0 =45
5 -~ 90 - 45 1 - 90 - 45
n 5 - 180 - 45 1 - 180 =~ 45
L
3. 60 Degrees Inclined Cylinders
5~ 0 =60 1- 0 - 60 :
5 - 45 - 60 1 - 9 - 60 T
5 - 90 - 60 1 - 180 =~ 60 !
5 - 135 - 6C :
5 - 180 -~ }

60 !

4. Vertical Cylinders (Symmetric in azimuth angle) é
5- 8§ =90 1-. 8 =90 ”

5. Hemispherical Charges

89




90°
e7s° 12.s*

157.8°

Fig. 2.
Top Plan of Blast Lines at Azimuth Angles H.

Initiation Point at H = 0.
Z = Igniter U = Propagation Charge

S = RDX cylinder

Ve4s®

‘ vs0°

Va80°

4

Fig. 2.2
Side View of Cylindrical Charges Inclined

to the Surface of the Ground

. 0
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As Figure 2.2 shows each of the two L/D geometries was
fired in a position at vertical elevation V = 60° degrees
inclined to the grcund surface with end initiation away
from the ground (No. 3 in Table 1). Tc complete the program
some rounds were fired in a position V = 45° degrees to the
ground surface (No, 2 in Table 1). Semispherical charges of
identical masses and identical type of HE were initiated
at their center of mass in order to get reference values
for the semi-spherical blast propagation (No. 5 in Table 1).

All charges, as shown in Table 3, were bare RDX with
nominal weight of 0.016 kg, 0.128 kg and 1.024 kg.

Table 2 Explosives Specifications

Cylindrical Charges S 94.5 % RDX
4.5 % wWax
1.0 % Graphite

{.,,.‘ Charge Density 1680 kg m™>

Precision Microsecond Igniter PL 464 Dynamit Nobel
L = Charge Length D = Charge Diameter U = Propagation Charge

o e Lt i e 1

L/D = 1 L/D = 5
Mass
in kg D in cm L in cm D in cm Lincem{t ing] S in g
0.016 2,3 2,3 1,35 6,7 2 14
2,7 13,4 5 123
5,4 26,8 8 1016
91




Firings were made on heavy steel plates that were nearly
perfect reflectors of blast waves. Restoration of the plates
and of the compacted sand under them was carried out after
each event. Shown in Figure 2.3 is the field layout.

l 123 4 5§ 6 7 8 9 10 "
|| . main instrument line
- - - - - . )
! :_"-lﬁ.._“
50 e e 800
75 N 5 600 tem)
100 s %
150 Yoo F <o
e 200 ———o 0
250 .
Fig. 2.3

Top Plan of the Field Layout
Blast Gages No 1 to 11 along the Main Instrument
Line. All distances in centimeters

The geometric center or a pfdjection thereof was used as the
ground zero point. Eleven blast gages were installed along

the main instrument line extending from 0.5 meter .o 8 meter,
corresponding to scaled distances from Z = 0.5 to Z = 32mkg /3
Two additional control gages were located at an off angle at
90° equal to station 2 at 0.75 meter and to station 4 at

1.5 meter. The pressure transducers were Kistler Instruments
model 603 B piezoelectric sensing elements having a natural

92
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Table 3
BLASTPARAMETER , ZYLINDRISCHE LADUNGEN . ANORDNUNG S - 90 - ¢

NR . 2 TR PS 15+ T+ H
| 0.%0 1.17E-01 1 2.88E¢00 1.9%E-01

2 0.60 1.48E-01 1 2.88E49¢ 2.49€-01

3 0.?0 1 T4E-01 I 2.28E+¢0 3.02E-01

4 o 89 2.06E-01 ! 2 BBE+Y0 3.86E-01

s 1 56 2.74E- 91 3 18E+01 2.88E¢00 4.69E-01

6 1.2% 3.70E-901 § 70E+01 2.58E¢00 6. 19E-01 ;
? 1.%0 4.70E-01 4.11Ev01 2.88E+00 7.73E-01 ;
8 1.75% $.97E-01 2.95€+01 2 RRE+00 9. 30E-01 H
9 2 .00 ?.28€-01 2 18Ev01 2 SRE*0O 1 LIE+O¢ '
10 2.2% 8.71E o1 1 SeE+GY . 82€ 00 1.28E+00 :
{1 2 %0 1 02E+00 1 10ErOL 2.8%5£400 1. 46E¢00 ?
12 2.75 1.27E+00 7. 6OEr00 2 Z9E+ 00 1.64E+00

13 3 90 I SEe+0 S 40Ev00 §.87E¢00 1.083E¢00¢

14 3.50 2.24E+00 2.95E 409 1.31E+ 0 2.21E¢00

15 4.00 3 07E+00 1.7SE+60 9.09E-01 2.62E¢00

16 450 4 0SE+00 1. 10Er00 ? 91E-~01 2 82E+00

17 5.00 S . 27E+00 7. 68E-01 6 79E-91 3 00E400

18 $.%50 6.32E+00 6. 01E-061 f.2%E- 0t 3.18E+00

19 6.00 7 43E+0¢ 4. 84E-01 S 64E-01 3.36E+00

20 7.00 9.79E+00 3. 36€-01 4 70E-01 T 69E+00

21 8. 90 1.22E+01 2 SO0E-01 4. 02E-9) 4.01E+00

22 9 06 1. SOE+01 1.9%€-01 3. S0E-4] 4. 31E+00

23 16 90 1.77E+01 { S8E-01 3 09E-01 4. 60E+00

24 11.900 2.085E+¢1 1. 32€ -0t 2. 76E-91 4 BTE+00

23 12.9¢ 2.34E1014 1 13E-01 2.49€-08 5 L4E+00

26 14.00 2.92E+01 8. 67E-¢2 2.68E-01 S 65E+00

27 16.00 3.S1E+01 T.O0SE 02 1.77€-01 6.09E+00

28 18 a6 4 09E+01 S 95E-02 1.S4E- 0t 6. 15E+00

29 20.00 4. 66E+01 S 16E-02 1.36E -0t 6.20E+00

30 22.00 S 22E+01 4. 61E-02 t.226-01 6.2%E¢00

31 24.00 S.77E4101 4.17€-02 1.10E-0t 6.29E+00

32 28.00 6.82E401 3.56E-02 9 18E-02 6.37E+00

33T 3200 7. GOE+OY 3.17E-02 ? R4E-02 6. 43E¢00

FOSFFIZUENTEN DER AUSGLEICHSFUNKTION . ANCGRDNUNG 8§ - 90 - ¢

YON 2 BIS 2 GRuD R sQu Bo 81 B2 )
LR R L R R R R R Rl i
-1 2.%59 2 ¢.998 -0.%623 1 3139 9.3123 H
2.%0 5.09 1 1 600 -0.9309 2.35%¢ i
3.990 32 09 F it 100 o 2ttt 2.747¢ -0 %881 i
L I R R L R L L

¢.87 2.30 2 1 000 1.9129 -1.3¢9%¢ -1.8%9%0 i
<.%0 S. v 1 0. 295 2.6923 ~3. 9297 i
3.00 32.00 2 0.99% 2.2610 -4.1797 1.1172

[ R R AR LR R L R LR L R

¢.50 2 %9 1 0 ¢00 0.45%4 0

2.%¢0 4.00 t %.299 1.36921 -2.2979

4.00 32.00 1 0.998 0.66382 -1 178%

T | mmccceecmccncnen R R LR A R R R R R

¢. %0 4 00 1 1.000 -0 3266 1.2286

4 00 16.09 1 0.999 0.0488 0.6136

e .90 12 .99 i N 324 0 6389 ¢. 0794
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frequency of 500 kc¢. Signals were recorded on Transient Re- -
corders having a frequency bandpass O - 150 kc. The data }
was reduced with the aid of a HP 9830 A desk computer.
Scaled arrival time TA'Q-1/3, shock front overpressure PS,
scaled overpressure impuls IS'Q"'V3 and scaled positive
duration T-Q-1/3 were obtained from more than 1200 records.
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A final report covers the reduced data of the entire pro- ;
gram (Ref. 4). Interested people will find 35 Tables and 35
Diagrams in the report belonging to different charge orientat-
ions and directions of blast propagation (see Table 1).
One example is to be seen in Tab. 3, in order to show the
arrangement of data. At 33 values of the scaled distance
parameter Z the scaled blast parameters have been listed at
distances that allow linear interpolation. Also coefficients
of least-squares regression power functions of blast data as
a function of scaled distance have been listed. Blast data
can be taken from the tables directly for 1 kilogram charges
but must be multiplied by the cube root of the charge mass
for all charges heavier or lighter than 1 kilogram, A proce- » *
dure that is well known to people who handle TNT standard o
curves or tables. Pemember that the scaling of blast data
works correctly as long as the basic assumptions of Hopkinson-
Cranz scaling rules are fulfilled.




3. Scaling Laws

Tests were conducted at three different charge masses
of RDX at identical charge geometries and identical test
arrangements. Table 4 may show as an example that Cranz-
Hopkinson scaling proofed well throughout our test series.
Time of arrival data have been listed for the test-arrangement
1-90-0 (L/D = 1, charge axis parallel to the ground, direction
of blast measurement 90°). Direct comparison of test results
can be made at scaled distances between Z = 2 and 2 = 8,
Time~of-arrival measurements in milliseconds differ by a
factor of about 4 between 16 gram and 1 kilogram charges,
but scaled time-of-arrival data correspond within 3 per cent.

Table 4 Check of Scaling Laws
Time of Shock Front Arrival for 3 Different
Charge Masses, Test Arrangement 1-90-0

\Q 0.016 kg 0.128 kg 1.024 kg
2 \»
R t / tA tA/ R tA t,/
R a | % /3] R 1/3 A’ 1/3
/01/3 inm | inme Q inmjinme Q in mjin ms Q
2 0.5 | 0.21 0.83 1 0.42 0.83 2 Jo.82 0.81
4 1 1.03 4.09 2 2.0 3.97 4 )14.10 4,08
8 2 3.55 14.1 4 7.22 | 14.3 8 114.4 | 14.3
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Fig. 3.1 showg just one example of measured pressure- )
time histories at tests with different charge masges at ~'i)
identical scaled distances. Time and impulse scales are N
scaled to 1 kilogram. It is easily to be seen, that measure-
ments are nearly identical.

-

T2.s BAR BARXMS | .@
- . @24 K&
PERK A SCALED
OVERPRESSURE ' BLAST IMPULSE
1 1
DEFLECTED
BLAST IMPLULSE
S1DE .
HAVE
N 4 R )
4+ PRIMERY 4
FRONT
WAVE
[ ] T T— + —
SCALED TIME 1@ MS
FIG.3. |

PRESSURE-T IME RECDRDS SCALED TO | KG-ERUIVALENT.
TEST RARRANGEMENT & -~ (82 -~ @
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4. Shock Front Contour

For a charge of cylindrical geometry as standoff in-
creases the shock front becomes more spherical. This is shown
in Figures 4.1 to 4.3. Iso time of arrival lines that mark
the shock front contours are shown for 3 scaled arrival times
TA 0.874; 5.6; 46.6 after ignition time. Semicircles mark
the shock front from semispherical charges at identical
arrival time. Peak overpressure is identical along the semi-
circles 7 bar (100 psi); 0.7 bar (10 psi); 0.07 bar (1 psi).
At the same instant after charge ignition the shock front
contour of the cylindrical charge is asymmetric with largest
distance from the explosion center at 90°, 112,5° and 180°
(Fig. 4.1) . The peak overpressure at the shock front is far
from uniform for cylindrical charges. It is given in small
figures along the contour. High peak overpressure in 90°
direction in Fig. 4.1 is due to the side-wave and in 180°
it is due to the front wave. Highest peak overpressure in
112,5o direction is produced by the asymmetric ignition at
0°. In that case the detcnation gas has a forward velocity
component that may cause the strongest shock not in 90° but
in a forward direction. The falling back shock front and low
pressure at 0° to 45° is produced by asymmetric ignition.

The Figures 4.2 and 4.3 show that the shock front contour
becomes more spherical. But even in the far field, where semi-
spherical charges produce a peak overpressure of 0.07 bar
(1 psi), the cylindrical charge produces peak overpressures
from 0,05 to 0.1 bar at the shock front.
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4,0
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" i o8 0 o8 i o
Scaled Distance 2

SHOCK FRONT CONTOUR ~ [SO TIME OF ARRIVAL LINE

-1/3 -1/3

TAQ /7w0.874 ms ke

FIG, 4.1

CYLINDRICAL RDX CHARGE L/D =5 vV =0 [GNITION AT 0° VARIABLE SHOCK
FRONT OVERPRESSURE ALONG THE 1SO LINE. SEMICIRCLE: SHOCK FRONT CON~
TOUR FOR SEMISPHERICAL CHARGE OF IDENTICAL MASS, SCALED DJISTANCE

Z % 1.5, SHOCK FRONT OVERPRESSURE PS ™7 BAR,

/
~—
g

N e 1360 .
\ BS - 07 bar
-~
157,5*
a2 575
—e " 10* —

4 3 2 1 9 1 H 3 4

Scaled Distance Z
SHOCK FRONT CONTOUR - (S0 TIME OF ARRIVAL LINE

1/3 ~-1/1

™ o '/P= 5.6 Ms ke

F16. 4.2

CYLINDRICAL RDX CHARGE L/D =51 ¥ =0 IGNITION AT 0O VARIABLE SHOCK
FRONT OVERPRESBURE ALONG THE I1SO LINE. SEMICIRCLE: SHOCK FRONT CON-
TOUR FOR SEMISPHERICAL CHARGE OF IDENTICAL MASS. SCALED DISTANCE

Z = 4.2, SHOCK FRONT OVERPREBSURE P$ = 0.7 BAR.
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CYLINDRICAL RDX CHARGE L/D ®=5: V = 0; IGNITION AT 0° VARIABLE SHOCK
FRON1 OVERPRESSURE ALONG THE 1SO LINE. SEMICIRCLE: SHOCK FRONT CON=
TOUR FOR SEMISPHERICAL CHARGE OF IDENTICAL MASS., SCALED DISTANCE

Z = 20 SHOCK FRONT OVERPRESSURE PS = 0.07 BAR.
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5. Blast Parameters as a Function of Azimuth Angle

If a hemispherical charge resting on a flat surface is
initiated at its center of mass a shock wave will travel
through the surrounding air, its strength a function of
radial standoff from the center of the explosion. For a cy-
lindrical charge that is initiated at one end the shock wave
will not enter the surrounding air as a spherical wave, nor
at the same time over the entire charge surface. The shape
and strength of the shock wave will depend upon the length
to diameter ratio, and upon the location at which initiation
occurred. The blast parameters will be functions not only of
radial standoff, but also of azimuth,

Figures 5.1 through 5.4 are plots comparing blast data
of cylindrical chaxges to hemispherical charges. Primary shock
front pecak overprecsure and positive pressure impulse are
plotted as a function of azimuth angle H and scaled distance Z,
for cylindrical charges having lenéth to diameter ratios of
1 and 5. Our final report covers data from the entire program
(Lit. 4).
Results of semispherical charges are plotted as horizontal
lines. Azimuthal symmetry is valid at that case. Unsymmetrical
blast propagation around cylindrical charges is identified
very clearly at this type of diagram that has been used in
Ref. 3.

Figure 5.2a summarizes primary shock front overpressure
data in the near field at scaled distances from Z = 1 to
Z
150 bar at %z = 1 was measured in H = 112.5° direction. Former

2.5 for L/D = 5. Maximum peak overpressure of about

investigators who had measuring lines at 90° and 135° could
not detect this effect of the asymmetric expansion of the
detonation gases as a consequence of ignition at c®.
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Minimum peak overpressure at Z = 1 occurred at H = 22.5°
. direction of about 5.5 bhar as a consequence of asymmetric

ignition and the bridge wave phenomenon. Very high peak

overpressure was observed at Z = 1 at H = 180° direction as

an effect of the front wave. Errors of about a factor of

10 in peak overpressure may be induced in the near field by

neglecting the charge shape.

T e o b

Most people think that blagt parameters from non-spherical
charges smoothen continuously to spherical parameters in the
far field. In fact the peak overpressure from cylinders with
L/D = 5 seems to smoothen at scaled distance Z = 7 in figure
5.2b. Former investigator only measured up to this distance.
But far out can we recognize the effect that at distances
from 2 = 10 to Z = 20 peak overpressure is very small at
H 90° and H = 112.5° directions and high in H = 0° and
| H 180°. This type of overreaction corresponds to reflection
f: and diffraction phenomena of primary side waves and end
f; N waves from the cylindrical explosives. Pressure-distance re-
3 -ii« lationships are determined not only by one shock front, but
by side-waves,end-waves and bridge-waves that result in
multiple pressure peaks. Some wave fronts tend to heal by
overtaking and merging with the primary front while others
tend to recede. As a result even in the far field, at Z = 20,
errnrs of about a factor of 2 (100 percent) in peak over-
pressure are induced by neglecting the charge shape.

Figures 5.1a and 5.1b summarize peak overpressure data
from cylinders with L/D = 1. There are some remarkable differ-
ences between length to diameter ratios 5 and 1. All of them
can be qualitatively explained by the different charge geo-
metry and the observation that high peak overpressure in a ;
certain direction tends to fall down to very low pressure at
increasing distances. The rate of change in peak overpressure .

wen R

101 ‘ ]!




b iR Siliis

100
90

80
rl]

&0
50

40

0

20

-

! N D OO

0* 45" 90° 138° Zo‘ o'

2L D // A |/ HKe125bor|
\, / \ /
N V|
V]
I l’l 10
I
Z:15 r&ik__:'l()bar

? 7
Ny /
~
2225 ) HK = 2.2bar
B ‘ 1 10°
0° 45 90° 135° 180°
H, degrees

Fig S1a  Primary Shock Front Side - on Overpressure
as a Function of Azimuth Angle H and Scaled Distance
2= R0 in mkg'" tor Cylindrical Charges with

L/D Ratieo of 1. Horizontal Lines Indicate Shock Front
SRR IR

Overpressure of Semispherical Charges of identical Mass
ot the Same Scaled Distance.

it g
v Phetest

e

T

SRR EE ENEL O




f

T B S vwia s seesieie e sk

50 0 48° 90° 138° 180°
" | apy.bor Pa
/&
20
'.O / 'ol
09 A
08 _z v b |——s HK = 07 ¢
07 -
o"
08 \
3 ot /1\
0 27| - / \mc;c»,x__z__L_1
h \\ Y/
e
~ )\
02 {2s10 — J4—\— HK = 0,19 bar
2 v
\\. /
\_‘
N/
\J 4
0.1 10*
009
008
007 1A2203 HK = 0,089 bar |
Y
008 \ /"“‘\
. 4/’ \\\
005 N -
f SNl
0.04 -
0,03
H, degrees
0,02 A
o 45° 20° 135° 180°

Fig. 5.1b Primary Shock Front Side -on Overpressure
as a Function of Azimuth Angle H and Scaled Distance
2+ RO in mkg~"? tor Cylindrical Charges with

L/D Ratio of i. Horizontal Lines .Indicate Shock Front
Overpressure of Semispherical Charges of Identical Mass
at the Same Scaled Distance .

103

Y ww.—a-ssq.-qtm‘v s

L)

v g T s




a3

L ) . [ ] [ ) L.
100 0 5 90 138 1 !
90 |—-4Ps. bar / |
80 ‘ [ Pa
i T
. \ "
{0 4 "
. ]
%0 L S— i
! | i
! \ i
! \ i
2 i !
210 [ Y WK =175 bar
M 1
! il !
i i i'
| i |
i i
10 L g 3 108
° AN RN 4
N \ y
8 4 X
7 1 z.‘..!l.sqb.\..%.__ 7 _} - ——— e — __Hl(__-___".l?_ J
6 L i \
v {7 ] \
3 / 4 i\
; ! \
4 .'/ / \\
/ ! \\ /i
3 < / / = < !
/ <
/
ze28) ____ r’____#______._._,vﬁ;_z.ysr_
2 5
/
/
/
g
/
/
/
‘ / H, d:gmos 108
0° 450 80 1350 180°

Fig. §.2a Primary Shock Front Side - on Overpressure
as a Function of Azimuth Angle H and Scaled Distance
Z+ R-G" in mkg " toi Cylindrical Charges with

L/D Ratio of 5. Horizontal Lines Indicate Shock Front
Overpressure of Semispherical Charges of Identical Moss
at the Same Scaled Distance. {

104

Ao 5

Fintla, o g

Bl . “‘w,:




{

-~

i 4

0 L e Saiad. i o ~—-|“
n - ]
30 0* 48 %0° 135 180°®
I lPo: bar Pa i
20
1,0 108
1
(18]
0012 = 4 J/ \r MK « 0,76 bar1
\
(%]
06 ‘—‘\
05 N
o.‘ 'o‘ -.*‘\‘ I’ N,
27 " * S 1 HKe0,320ar
LT T LY LRI I DL LY PR = oy = o e Do ugfifr a2 e -
0.3 N
A
ﬂ"
VT | ;-"’
02 1Z = 10}———— . g e . HK = 0,8 bar 1
(N a
-
0,1 104 j
0,09 ,/ ;
0,08 T J"
Z = 20| N -~"HK = 0,069 bar ‘
0,07 ------d....--a.ﬁ. N — e HI 0,088 b i ‘.
0,08 ‘\ i H
‘\ /' e
- / :
0,08 <7 |
0,04
H, degrees
0,03 } )
0 ise 90° 135 180° ;

Fig. 5.2b  Primary

Shock Front Side - on Overpressure

as a Function of Azimuth Angle H and Scaled Distance

2« R-QG" in mkg

LID_Ratio of 8.

- tor Cylindrical Charges with

Horizontal Lines Indicate Shock Front

Overpressure of Semispherical Charges of Identicat Mass

at the Some Scaled

|

Distance.

05

o Pt it b




0s
0.e
0.7

0.6
05

0.08

0° 48¢ 138¢ 150*
{ I
is ly
1-bar. ms . kg™ Pa s kg'?
)
e A\'\ I/
L AN /
. N,
e 4 )
201807 ._\.._.4. Higs L6
\ |
]
yiiN ‘// to!
A4
il T AK = 0.73 |
t"k‘\
== s o -0
[Ze? 9700 et D A\ HK= 045
g

H, d}guu

0’ 48° 90°

Fig. 5.3

of Azimuth Angle H and Scaled Distance Z in mkg

for Cylindrical Charges with

Horizonta! Lines Indicate impulses of Semispherical Charges
of identical Mass ot the Same Scaled Distunce.

138°

/0 R

100°

Side- on Overpressurs - Impulse as a Function

-113

of 1.




(J 0 48e %0° 0 100
' 1

5
is 1y
4 4~ bar. ms. kg™ Pa-s.k9"'?
3
i
il D !
\ AR j
/ \ !
! !
218 MK/« 18
Lo, 2] s s o o e caffn s [+ e s A e ¢ e e e+ o e
R
/', \ {
! /" \'\ /
b 1 —el- N 10?
g 09
g —
, 0 TV }'ﬁ'ﬂi‘-‘
07
08
).--'4._. w .___‘,o"
08 r!.:l..--...-._L--..'f:::ir:::‘.’:,..-.--5.: 048 __.
04 -
s e
2210l Pt diee ] HK 2 032
( 03 e
3
0.2 ‘ 2
Z+20 - HK = 018
\l/ '
b----“\\ Ir’
232 “ < HK - 01
ogp L LRy !
0.08 R i
o 0.07
¥ 0.06
H, degrees
¥ 008 » S99
: 0° 48 90° 138¢ 180¢
Eig. $.4 Side - on Overpressure - impulse as a Function
of Azimuth Angle H and Scaled Distance Z in mkg™'"?

tor Cylindrical Charges with L/D Ratio of 8.
Horizontal Lines Indicate impulses of Semispherical Charges
of identical Mess at the Same Scaled Distance.




depends upon the impulse that is included in the first
pressura peak (not to be confused with the total over-
preasure impulge).

G L etk

Figures 5.3 and 5.4 summarize total side-on overpressure
impulse for L/D = 1 and 5. Multiple shocks are included. It
i8 remarkable that at some distances blast impulses at the
surface of the ground show higher values at any direction
around a cylindrical charge than around a hemispherical
charge. Again this phenomenon may be explained by geometri-
cal effects, that the cylinder presents greater surface area
in the direction of the ground surface than the hemisphere.
Also blast impulses that show very high values in a certain
direction in the near field (e.g. 180° in Fig. 5.4) tend to
fall down to rather low values at greater distances.
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6. Blast Parameters versus Scaled Distance ‘

The diagrams’- figures 6.1 to 6.4-contain a presentation
of primary shock front peak overpressure versus scaled dis-
tance values and positive pressure impulse versus scaled
distance values derived from our small scale measurements.
The values of plast parameters in Ref. 4 were all scaled to
a kilogram equivalent at standard sea level conditions. To
use the curves for predicting blast data for other yields
at other than standard sea level conditions standard scaling
procedures should be used, This type of diagram has been
used in Ref. 1 and may give the most complete presentation
of our results.

As reference values results from semispherical charge
detonations were fit into the diagrams that may make clear
the big differences in peak overpressure in different
directions around elongated charges. Kingery (Ref. 1) has
fitted experimental peak overpressure data from hemispherical
charges. The curve fit is of the functional form

P = £ (2)

8
Ps = peak side-on overpressure
2 = gcaled distance.

Plooster (Ref. 5) has curve-fit the experimental peak side~

on overpressure data obtained from a test program conducted

at Denver Research Institute for cylindrical charges in free
air. Much more data are needed in order to make a curve fit

of the functional form

PB = f (2; L/D; H)

peak side~on overpresure

s
|

Z = gcaled distance
L/D = cylinder length to diameter ratio
H = azimuth angle
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Curve fitting of the data presented in this report has not
yet been completed. It is more complicated than in Ref. 5
as a wider range of distances, peak overpressures and blast
impulses was investigated.
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EFFECTS OF LOW LOADING DENSITY ON BLAST PROPAGATION
FROM EZARTH COVERED MAGAZINES

By

George Coulter
Charles Kingery

U.S. ARMY ARMAMENT RESEARCH & DEVELOPMENT COMMAND

BALLISTIC RESEARCH LABORATORY
ABERDEEN PROVING GROUND, MARYLAND 21005

ABSTRACT

This report contains the results from a series of high

RS, o

explosive tests deaigned to determine the airblast parameters
propagating to the front, side, and rear of an earth covered
munition storage magazine with a low loading density. The tests
were conducted with 1/30th-scale donor models and hemi-cylindrical
pentolite charges of 0.227, 0.363, 1.066, 1.814, and 5.040 kg
masses.
magazines filled with 6130, 9800, 28780, 48980 and 136080 kg of
explosive. The 48980 kg full size load was used as the baseline
for comparing blast attenuation or enhancement from a full size
load of 6130 kg. There was attenuation of both peak overpressure
and impulse to the side and rear of the structure at the lower
loading density. The impulse propagating to the front of the
structure was enhanced while the peak overpressure showed no
significant effect of the low loading density.

These charge masses simulate full size munition storage
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I. INTRODUCTION ‘ b }

A Background

This study is an extension of earlier work sponsored by the Department
of Defense Explosives Safety Board (DDESB) to determine the airblast
parameters propagating to the front, side, and rear of a munition storage
magazine in event of an accidental explosion. In Reference 1 the model
(1/50th-scale) study was based on 226800 kg, 136100 kg, and 45400 kg of
explosive stored in a standard (18.3 metre length), steel single arch
nagazine.,

Comparisons of the results from the model tests with full scale test
results were excellent and added to the validity of using scaled models to /
gimulate blast effects from full scale accidental explosions. :

There are requirements for storing, in standard magazines, net
exploaive quantities, smaller than those tested in Reference 1. The earth
cover suppresses the blast to the side and rear of the magazine in the nesar
field but there is no suppression effect at the explosive work shecp
distance* and beyond for a Q of 45400 kilograms. It is surmised th173there
will be some suppressive effect at the greater distances, (> 7.14 Q"' °m)
for smaller quantities stored in this magazine. If true it would permit
siting of operating buildings and other controlled facilities closer to the
above ground storage wagazines.

B. Objectives

The objective of this series of tests is to obtain from scale-model
experiments data on the suppression of blast propagation from stored
quantities of munition in the range from 45400 kg (100090 1lbm) down to
approximately 4540 kg (10009 1lbm).

This should provide a basis for establishing the quantity-distances to ‘
certain expogures from igloos containing small quantities of exploaives”3
The disi,gces of 1nterest173nge fromlyge safe separation distance 0.5Q m
(1.25 w ft) out to 16Q m (40 w ft) where Q is in kilograms and
distance is metres, and w is in pounds mass and distance is in feet.

A second objective was added to the program after the first series of : 4
tests were completed. Because the overlap of data from the 1/50th-scale model
results simulating 45400 kg full scale and the 1/30th-scale model simulating
45400 kg full scale were not within an acceptable error band it was proposed
to fire a 5.04 kg charge in the 1/30th-scale donor model to check the full
scale magazine loaded with 136080 kg (300,000 lbm) as reported in Reference 1.

i
&
¥
B
*
5
%
k-

C. Kingery, G. Coulter, and T. Watson, "Blast Parameters from
Explofions in Model Earth Covered Magazines,” BRL-MR-2680, Seg; 1976.

* The exploaive work shop distance is defined as d, = 7.14 w/kg 3, scaled
to the cube root of the mass Q(kg) of explosive: D, = d, x Q1/3-
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TEST PROCEDURE
The test procedures followed to meet the objective were to (1) design the
scale modal, (2) design the explosive source, and (3) establish the
fnstrumentatfion and blast lines.

A. Design of Magaxzine Model

The atandard munitions storage magazine being modeled for this series of
tests is shown in Figure 1. The overall width including the earth cover is
27 .43 metres (90 feet) and the }ength is 28596 metres (95 feet). The total
volume of earth cover_is 1665 m” (58,812 £ft?). The volume of the interior of
the magazine is 496 m3 (17,500 ft?).

The model scale in Reference 1 was 1/50th and was sufficient for the
simulation of large quantitiea of explosives. Iun order to simulate smaller
quantities of explosives and work with similar size scaled charges a decision
war made to use 1/30th-scale donor models. All linear dimensions were acaled
down by a factor of 30. The scaled down wodel, with dimensions, is prsnented
ia Figure 2. The total volume of modeling and is 0.0817 n” (2.178 £t-) and
the interior volume of the model is 0.018 n (0.648 ft”). A photograph of the
interior portion of the model without the sand cover is shown in Figure 3.
The model arch ig aluminum rather than steel as used in the full-size
magazines. Scaled steel doore were attached to the masonite headwall to more
nearly simulate the suppression of blast associated with the closed doors.

The donor magazine model with the steel doors and modeling sand cover is
shown in Figure 4.

B. Test Charges

The test charges used as the explogive source were cast Pentolite (50

. PETN/50 TNT). The mass of the charges are usually based on the quantity to be

stored in the full size magazine. For thig series of tests the three molds
for the hemi~cylinderical charges used in the tests reported in Reference 1
were still available and therefore a 1/30th-scale was selected to meet the
rafige of explosive quantities of interest. Two additional molds were designed
and manufactured, one to cover the low end of the desired range, and one for
the additional high range shot.

.Jhe range of scaled charge weights tested were 0.227 kg, 0.363 kg, 1.066

kg, 1.814 kg and 4.99 kg (0.5, 0.8, 2.4, 4.0 and 11.0 1bm). When these nasses

are scaled up be 30° (27,000) then the full gcale simulation 1is 6130 kg, 9800
kg, 28780 kg, 48980 kg, and 134730 kg (13,510, 21,605, 64,750, 107,980, and
297,000 1bm). These charges cover a range from 134730 kg down to 6130 kg
which is very cloge to the original request for a range of 136080 kg down to
4536 kg.

The test charge was always placed with the flat side down and with the
center of flat side at the geometric center of the magazine floor. The point
of initiation was or the end toward the doors or along the zero degree blast
line. The ratio of the mass of the model ~harge to the interior volume of the
model wae the same as the mass of the explosive In the storage magazine to the
interior volume of the storage magazine.
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SECTION A-A

Figure 1. Standard munition storage magazine.
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C. Teat Instrumentation

The instrumentation for this test series consisted of pressure - s
transducers, magnetic tape recorder/playback, and s data reduction systea. A
block diagram is shown in Figure 3.

1. Pressure Tranaducers. Pieso-slectric pressure transducers were used
for this series of tests. The PCA Electronics Inc., models 113A22, 113A24,
and 113A28, with quarts senaing elements and built-in source followers were
used extensively.

2. Tepe Recorder System. The tape recorder consisted of three basic
units, the powar supply and voltage calibrator, the amplifiers, and the FM
recorder. The FN tape recorder was a Honeywell 7600 having a frequency
response of 80 kHz. Once the signal was recorded on the magnatic tape it was
played back and recorded on a Honeywell Visicorder. This oscillograph has 5
kHs frequency response and the overpressure versus time recorded at the
individual stations can be read directly from the playback records for
preliminary data analysis.

3. Data Reduction System. For the final data output, the tape signals
were processed through an analog-tu digital converter, to a digital recorder-
reproducer, and then to a computer. The computer (TEKTRONX 4051) was
programmed to apply the calibration values and present the dsta in the proper
units for analysis. From the computar, the data is put on a digital tape from
which the final fora can be plotted or tabulated. The digital tape can be
also stored for future anslysis.

The objective of this program was to document the blast propagation from a
scaled munition magazine model assuming an accidental explosion of a spacific
amount of explosive. This required three lines inatrumented with pressure
transducers. Ona to the front of the msgazine, designated the O-degree blast
line. Ome to the side of the magsxine, designated the 90-degree blast line,
and one to the rear of the magazine designated the 180-degree blast line. The
field test layout is shown in Figure 6.

1. Douor Charges in Megazine. When the tests are conducted with the
donor charge in the magazins model there are specific distances that should be
documented along the blast line. The first of those is the "safe separation”
distance. This is dsefined as the required separation of munition storage
magasines. It is a function of the quantity of explosive to be stored and
relative locations of the magazines. The safe separation distance to the
front end rear of the donor magazine, the O-degree and 180-degree blast line,

is defined as .
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Dsr 0~-180 0.8 x Q / M. (1)
To the side of the magazine (the 90-degree blast line) tha separation distance
is defined as

Dgp go = 0.5 x Q13 m. (2)

The safe separation distance is measured from the interior walls of the
magarine. The pressure transducer station distances are measured from the
geomatric center of the floor of the magazine. An adjusted distance of

0.305 m was added to the O-degree and 180-degree line safe separation distance
for the first station and 0.132 m was added to the 90~degree line safe
separation distance for the location of the firat station. That is

Dgp o/180 + 0+305 = 0.8¢*/3 + 0.305 (3)
Dgp go + 0-137 = 0.51/3 + 0.137 (4)

Table 1 shows the location of the first station on each blast line for the
five charge weights.

TABLE 1. LOCATION OF FIRST STATIONS

0 ,ggd 180 0
Q Ql/3 .8ql/3 89173+ 305 .5ql/3 .5Q1/g + 132
n m m m

227 .610 .488 793 0.305 0.437
.363 713 .570 875 0.357 0.487
1.089  1.029 .823 1.128 0.514 0.646
1.814  1.220 976 1.281 0.610 0.742
4.990  1.709  1.367 1.672 0.855 0.987

The station locations for the five charge weights and the three blast
lines are listed in Table 2. The distances range from 0.57 m to 21.3 m with
many station distances repeated for the different charge masses in order to
keep movement of gage stations to a minimum and thereby keep the turn around
time per test as ehort as possible. Station 90-1 was placed no closer than
0.57 m because the sand cover, the masonite base, and the gage mount would not

allow the measurement to be made closer.

2. Donor Charge Unconfined. To meet the objectives of the test and
determine the suppressive effect of the earth cover one must establish a base
for comparison, Therefore the blast parameters along the 0, 90, and 180~
degree blast lines were determined for four charge masses without the magazine
in place, ie, charge unconfined. The 5.0 kg charge was not tested unconfined.

E. Test Matrix

) The series was designed to conduct the minimum number of tests to meet the
objective. Tests were conducted both with the charges covered, ie, in the
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TABLE 2. GAGE STATION LOCATIONS ;U‘}

Charge ;i
l Mass (kg) 4.99 1.814 1,066 0.363 0.227
Station Distance Distance Distance Distance Distance
B m a n o a
1 0-1 1.68 1.27 1.12 0.87 0.79
0-2 2.29 1.68 1.27 1.27 1.27
A 0-3 3.20 2.29 1.68 1.68 1.68
0-4 4.27 3.20 2.29 2.29 2.29
‘ 0-5 6.00 4.27 3.20 3.20 3.20 i
0-6 8.40 9.14 6.10 6.10 4,27 i
3 0-7 14 .00 12.80 10.67 10.67 6.10 ?
i 0-8 21.00 21.34 18.29 18.29 10.67
‘ 90-1 0.99 0.74 0.64 0.614 0.574
4 90-3 2.00 1.27 1.27 1.27 1.68
4§ 904 3.20 1.68 1.68 1.68 2.30
1 90-5 4.50 2.29 2.29 2.29 . 3.35
3 90-6 6.00 3.20 5.03 5.03 5.03
90-7 8.00 6.71 6.10 6.80 6.80
90-8 12.50 12.80 12.80 12.80 9.14 ,
90-9 21.00 21.34 18.29 18.29 12.80 - )
180-1 1.68 1.27 1.12 0.87 0.79
k 180-2 2.29 1.68 1.27 1.27 1.27
4 180-3 3.20 2.29 1.68 1.67 1.68
3 180-4 4.27 3.20 2.29 2.29 2.29
i 180-5 6.00 4.27 3.20 3.20 3.20
: 180-6 8.40 6.10 6.10 6.10 4.27
180-7 14.00 12.80 10.67 10.67 6.10
AStation was as close as the sand covered slope would allow.
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nagazine, and uncoversd to establish any suppressive effect at the lower
stored quantities of munitions. The number of tests and conditions planned
are ligted in Table 3.

TABLE 3. PLANNED TEST MATRIX

Charge Charge Charge
Mass In-Magazine Unconfined
kg Tests Tests
1 ]
227 2 1
<363 2 1
1.089 2 1
1.814 2 1
5.040 2 0

Tf large variations were found in the results from the two “"in-magazine
tests” then a third test would be conducted. Likewise if the uncovered shots
do not follow the trend established in Reference 1, then a repeat test would
be conducted.

-

III. RESULTS

The results will be presented in the form of tables and graphs. Each
blast line will be treated separately for the various charge masses in order
to show any suppressive effect the earth cover might have at the lower loading
densities.

The program was modified during the field test phase because the overlap
expected at the 45360 kg charge mass between the 1/50th-scale (Reference 1)
and the 1/30th-scale results did not occur at the safe separution distance. A
test series to include the simulation of a full-scale 136,080 kg in a standard
nmagazine was added to further check the 1/50 and 1/30 scaled model results.

There is also some concern in the comparison of the suppressive effect of
the earth cover when using a hemicylindrical charge as the donor because of
the second shock pulse that develops at the greater distances when detonated
in an uncovered environment. Test Number 7 was sdded in which a hemispherical
charge of 1.128 kg was tested in the 1/30th-scaled magazine model of a
standard munition storage magagine. The results of this test will be compared
with the in-magazine hemicylindrical charge tests. zlhoy may also be compared
with the standard hemispherical surface burst data.” Tha tests as conducted
are listed in Table 4.

2 ¢.N. Kingery, "Air Blast Parameters versus Distance for Hemispherical
THT Surface Burst,” BRL R 1344, Septembar 1960.
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:. TABLE 4. TEST MATRIX AS CONDUCTED 3
v Test No. Charge Mass, kg Charge Environment
- 1 1.814 in magazine
- 2 1.814 in magazine
3 3 1.814 free-field
! 4 1.070 in magazine
t 5 1.066 in magazine
i 6 1.066 : in magazine
! 78 1.128 ‘ in magazine
b 8 1.066 free-field
= 9 0.363 in magazine
S 10 0.363 in magazine
' 11 0.363 free-field
12 0.227 in magazine
13 0.227 in magazine
14 0.227 in magazine
15 0.227 free-field
16 4.99 in magazine
17 4.99 ' in magazine

2  hemisphere

A. Blast Parameters Along the O-Degree Blast Line.

-

The O-degree blast line extends to the front of the magazine. The results 3
from Reference 1 indicate an enhancement of the blast parameters because of .
the focusing effect of the three earth barriers and the weakness of the
- headwall and door. As listed in Teble 4 either two or three tests were
L conducted for the covered conditions therefore an average value is listed in
' the data tables. Only one test was conducted for the unconfined charges. The
5.0 kg charge was not fired unconfined. The blast parameters for all blast
lines and charge masses are listed in Table 5 through 14.

! 1. Peak Overpressure versus Scaled Distance, O-Degree Blast Line. The

. average peak overpressures versus scaled distances recorded at Stations 0-1
ﬂ‘i through 0-8 for the unconfined tests are liated in Tables 6, 8, 10, and 12.
- The values are plotted in Figure 7. Where double peaks were recorded along
the blast line only the maximum values are plotted. There is excellent
agreement between the various charge masses when scaled to 1 kg mass. The
results follow the same trend as established in Reference 1.

The pesk overpressure versus scaled distance along the O-degree blast
line for the five charge masses, tested in magarine, are plotted in Figure
8. The results indicate & smooth pressure decay with distance over the
full range of measurements. It was unexpected that the 5.0 kg tests would
product/grcllure values lower than average st scaled distances greater than

3 m/kg
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Figure 7. Peak overpressure versus scaled distance along the
0-degree blast line, charge unconfined.
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As noted in Reference 1 the peak overpressurss meaeurcd from the in-
sagazine charges are higher than recorded ;gr the uncovered charges hut :
only out to a scaled distance of 6.5 nlkgl + Ia zhis vegion there is a ;
cross—over and the uncovered charges produce higher values at the greater '
di-tsnces. This croes-over of peak overpressure is caused by a second pesk
wave” which develops from a “bridge wave" as described in Refercnce 3.

There is no suppressive effect noted along the O~degree blast line for the
in-magazine lower loading density. The ian-magazive peaak overpressure
values are approximately 25 percent }?ger than the uncovered values at
scaled distances greater than 8 m/kg*/~,

o S e e ot

Scaled Overpressure Impulse versua Scaled Distance, O-Degree Blast
e scaled cverpressure impu istance recorded at

2.
Iine.

Stations 0-1 through 0-8 for the four uuconfiﬁed charge masses are plotted

in Figure 9. There is excellent correlation and with all values scaled to

1 kg there is no apparent mass effect. The scaled values for the five

charge magses tested in-magazine are plotted in Figure 10. A pheromenon

similar to that noted on the peak overpressuve curves ure noted on the ‘
gcaled impulse curves. That is, the overpressure impulse recorded for the )
in-magazine tests are higher than those rtygrded on tho unconfined tests

out to a distance of approximately 5 m/kg where there is a crosu-over.

Bayond this range the free-field values of impulse qse larger than the inu-

magazine values. At distances greater than ?‘m/kgl' the in-magazine

values of scaled impulse are approximately 25 percent lower thar the

unconfined values. The ecaled impulse re.:ordad from the larger cherges
testi931n—magazine show greater attenuation at diatances greater than 1.5

n/kg than do the smaller charges. This is the reverse uf what might be

be expected from lower density loading. It is surmised that for the larger

charge masses the earth barriers have less effect on the focusing along the

O-dégree blast line. As can be seen in Figure 10 the scaled values from

the 0.227 kg charge are in general higher than the scaled values from the

5.0 kg charges.

B. Blast Parameters alcong the 90-Degree Blast Line

The 90-degree blast line extends to the side of the magazine. The gage
station locations run from 90-1 to 90-9. The distances are listed ir. Twhle
2. The results are lizted in Tables 5 througn 14 for the five charge
masges in-magazine and the four charge masses unconfined. Ine val: es of
peak overpressure from the tables are plotted versus scaled distance in
Figures 11 and 12. The values of scaled overpressure impulse versus scaled
distance are plotted in Figures 13 and 14.

1. Peak Overpressure versus Scaled Distance, 90-Degree Blast Line.
The values of peak overpressure versus scaled distance along the J0-degree
blast line for the unconfined tests are plotted in Figure 11 and show ;
excellent correlation of data when scaled to 1 kg. ;There 1s some scacter 3
of data points at scaled distances less than 1 m/kg-/>. The results follow y
the same trend as established in Reference 1.

3 R.E. Reisler, L. Giglio~Tos, and G.D. Teel, “"Air Blast Parameters from
Pentolite Cylinders Detonated on the Ground,”™ BRL MR 2472, April 1975.
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Figure 9, Sgalgﬂ overpressure impulse versus scaled distance along
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Figure 11. Peak overpressure versus scaled distance along the
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The valuas of puak overpressure versus scaled distance along the 90~
degree blast line for the five charge masses tested in the magazine are -
plottead in Figure 12. There is a very large loading ’!nltty effeact on the
peak 7§‘tptlllufl from a !7slcd distance of 0.6 nlkg1 out to 6.0 3
nlkgl + Bayond 6.0 m/kg the suppression effect of the various loading s
densities bacomeas less evident. A discussion of the effect of low loading ;
on the peak overpressure versus distance will be given later in this

report. \5

:
Qg ¢

2. Scaled Overpressure I se varsus Scaled Distancs, 90-Degrae Blast
Line. e va npu stance recorded along
the 90-degrea blast line for the four charge masses, unconfined, sre
plotted in Figure 13. The values establish a good trend and follow that
reported in Referance 1. The charge masses range over a factor of 8, but
using cube root scaling the scaled valuas show very little scatter.

The values of scaled impulse along the 90-degree bilast line for the in-
magazine tests ave plotted in Figure l4. Althoygh the pesk overpressure
values plotted in Figure 12 show a greater suppression at the lower loading
densities (0.363 and 0.227 kg charges) this is not evideut in the ecaled
overpressure impulse versus scaled distance presented in Figure 1l4. The
peak overpressures were lower but because there were double peaks this
apparently added to the impulse making only small differences in the scaled
iapulse. The second peak is an interior reflection from the magazine’s

arch.

When comparing the values of scaled impulse recorded from the in-
magazine and uncovered charges there is suppression evident oviisthe
conp},ge range of distances. From a scaled distance of 2 m/kg out to 20 ~
n/kg the average attenuation of the in-magazine values is 25 percent of
the unconfined values. The scaled impulse values do not merge into one
curve at the greater distances as the peak overpressure values did along

the 90-degree blast line.

ACT

In Figure 14 it can be seen that the suppreseion of the positive
impulae along the 90-degree blsst line is a function of loading density.
The magnitude of this effect will be discussed later in this report.

C. Blast Parameters along the 180-Degree Blast Line

The 180-degree blast line extends to the rear of the magazine., This 1s .
away from the door and the point of initiation of the charge. The gage i
locations for stations 180-1 through 180-8 are listed in Table 2 while the
peak overpressure and impulse values are listed in Tables 5 through 4.

é l. Pesak Overpressure versus Scaled Distance, 180-Degree Blast Line.
1 The values of peak overpressure versus scaled distance along the 180-degree
B blast line for the unconfined tests are plotted in Figure 15. Here the

4 effect of the configuration of the charge and poini gf detonation can

1 cleariy be geen. The station from 1.0 to 3.0 m/kg / record higher peak

e M Ao 1

overpressure along the 180-degree blast line than along the O-degree blast

L line. This is because detonation point is at O~degree blast line end of

§ the i’sr;.. A major curve inflection is noted at a scaled distance of 4.5

where a second shock develops and becomes increasingly greater in §;nw)
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Figure 15. Peak overpressure versus scaled distance along the
180-degree blast line, charges unconfined.
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wagnitude than the initial shock as the distance incregses. A second shock %
does not davelop when the charge is tested in the storage magazine. i

The values of peak overpressurs recorded from the in-magasine teste are 3’ }
plotted versus scaled distance in Figure 16. Here we see a trend similar 3
to that noted on the 90~degres blast line. The two small charge wasses b
show some blast attenuation over the total range because of a loading i
density effect. The magnitude of the loading density effect will be §
discuseed later. §

When comparing the in-magazine tests (Figure 16) with the unconfined
test (Figure 15) it is quite evident that there is blast attenuation over
the complete range of measurements.

2. Scaled Impulse versus Scaled Distance, 180-Degree Blast Line. The
scaled impulse values recorded for the uncoanfined charges are listed in
Tables 6, 8, 10, and 12 and plotted in Pi’gro 17. The change in the slope
of the curve at scaled distance of 3w/kg ia caused by the increase in
tapulse which in turn is caused by the second shock noted in Figure 15.

The scaled impulse values for all lour charge masses follow the same trend.

The values of & scaled overpressure impulse along the 180-degree blast
line for the in-magazlne tests are listed in Table 5, 7, 9, 11, and 14.
These values ave plotted in Figure 18. There appears to be soue
suppressive effect on scaled impulse along the 180-degree which is a
fuactfion of loading density. The 1.814 kg values are - 10 percent less
than the 5.04 kg values while the 1.066 kg values are ~ 10 percent less
than the 1.814 kg values. The 0.363 and 0.227 kg valuea are ~ 10 percent
less than the 1.066 kg values of scaled fmpulse. These suppressions of .
impulse are not great but they do appear consistant and valid. k

The attenuation of scaled impulse because of confinement is 50 percent
or greater along the 180-degree blast line. The attenuvation of scaled
impulse becauge of loading density is quite evident in Figure 18 and will
be discussed in the following section.

D. Blast Attenuation as a Function of Loading Density

The preceeding sections have pointed out the enhancement or attenuatiocn
of the blast waves as a function of a confined charge (in-magazine) 5
ralative to an unconfined charge. The following discussion will include
the attenuation of the blast wave as a function of explosive loading :
density within the storage magazine model. The 1.814 kg charge which 4
simulates a 48980 kg (107760 1bm) will be used as the baseline for ;
comparison. The 0.227 kg charge will be used to determine the attenuation
at selected distances. The fou{ giutancea of primary interest are (1) the
eafe !7§aracion distance (0.8 Q /3 n for 0 and 180-degree blast line and
0.5 Q a for }B‘ 90-degree blast line), (2) the unburt&,gdcd intraline
distance 7.2 Q1 m, (3) the pu?}gc traffic routes 9.6 Q m, and (4)
inhabited building distance 16 Q m. The attenuation or enhancement of
peak overpressure will be treated in two ways. First the difference in
peak overpressura at the selected distances and second the difference in
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Figure 16, Peak averpressure versus scaled distance along the
180-degree blast line, charges in magazine.
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Figure 18. Scaled impulse versus scaled distance along the
180-degree blast line, charges in magazine.
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scaled distance for the peak overpressure associated with the baseline .
curve. From the second methud the equivalent mass factor will be j
determined. .

The effect of loading density on the overpressure impulse will also be
determined. This method will alsc be based on the equivalent mass
factor. A ratio of the scale impulse/scaled distance for the baseline plot
(1.814 kg scaled to 1 kg) will be computed and the acaled impulse versus
scaled distance curve for 0.227 kg will be searched to determine an equal
ratio. From this ratio the scaled distance will be determined and used to
calculate the equivalent mass factor.

1. loading Density Effects on Peak Overpressure. The effects of
loading denaity on peak overpressure is presented in Table 15 for four
selected distances along three blast lines. The percentage difference
ligsted in column six is the difference in the low loading density (0.227
kg) relative to the medium loading density (1.814 kg).

There is little or no loading density effect on peak ovetpréaaure along
the O-degree blast line. An average of the percentage differences noted in
column six would fall within a relative difference band of +6 percent.

Along the 90-degree blast line the major attenuation is at the safe~
separation distance where it is 79.4 percent. The other threc¢ selected
distances indicate an average of 14.6 percent attenuation of peak

overpressure.

The attenuation of peak overpressure along the 180-degree blast line is -
also greatest at the safe separation distance (44 percent) while the §
average attenuation at the other three distances is 19 percent. w P

2. Effect of Pressure, Attenuation on Equivalent Yield. T